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ADDENDUM 


TO THE 


MINERALS AND MINERAL LOCALITIES OF NORTH CAROLINA. 


BY WILLIAM EARL HIDDEN. 


INTRODUCTORY NOTE, 


At the suggestion of the acting State Geologist, herewith are 
appended some of the results coming out of my search for Plati- 
num in this State in 1879. The trip was made in the inter- 
est of Thomas A. Edison, the famous electrician and inventor. 
My trip extended over five months, and the principal gold 
placers of North Carolina were visited. At the many places 
where I operated I did not find any traces of its existence. The 
five reported localities in North Carolina were carefully pros- 
pected without success. While examining these gold gravels for 
Platinum erystals of minerals having rare scientific interest would 
occasionally be noticed in my pannings. 

The Brindletown district of Burke county proved to offer 
the greatest attraction in this connection. From a doubtful 
dozen, known to exist there before my visit, the list of occurring 
mineral species soon reached the goodly number of forty-five. 
Some of this list were new to the State, viz. : Octahedrite, Fer- 
gusonite, Malacon, Xenotime and Native-telluriun. Of greater 


interest was the observation of immense quantities ef mona- 
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zite (now promising to become an ore of commerce for the 
thoria and cerium earths it contains) discovered to be stored away 
in the ravines and “ placers” of this region. 

My shipment to Mr. Edison, in 1879, of fifty pounds of a 
sixty per cent. monazite-sand was the starting of an industry 
which, in 1888, witnessed some twelve thousand pounds of a 
similar monazite-sand being sent out of the same region, and 
this business is as yet only in its beginning. 

From my several notices of North Carolina minerals, pub- 
lished in scientific magazines and elsewhere, I condense into the 
following pages such matter as seems to be of interest for this 
report, additional to “The Minerals and Mineral Loculities of 
North Carolina” (Chapter 1, volume 2, of the Geology of 
North Carolina, 1881, by Genth and Kerr). 


DiamMonp.—A ecrystal,* weighing 44 carats, that would afford 
a gem worth intrinsically not over $150, was found on the 
Bright farm, near Dysartsville, McDowell county, in the summer 
of 1886. It measured 10 X 7 millimeters and was a distorted 
octahedron. It was nearly perfect and of a grayish-green tint. 
It bears the distinction of being the largest and most valuable 
diamond yet found in the State. 

Another diamond (not before publicly announced) was found 
in 1877, by a small boy, in the same region as the one above 
mentioned. It weighed 23 carats, was shaped very much like 
a smooth flat field-bean and was very well polished naturally. 
It was white, but somewhat flawed. The erystal planes were 
very obscure. The finder disposed of it in Marion for a mere 
nominal sum. Mr. B. B. Price, of Marion, put it into the 
hands of Mr. James M. Gere, of Spruce Pine, to dispose of to 
best advantage. Mr. Gere, who is an extensive buyer and miner 
of North Carolina mica, took it with him to Syracuse, N. Y., 
and sold it there to Messrs. C. M. Ball & Co., the leading 
jewelers, for the sum of $18. It was finally sent to New York, 


where it was cut into a small gem and its identity lost. 


*Am. Jour. Sei., Dec., 1887, p. 490, Kunz. 
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EMERALD (chrome-green bery!l).—In the last edition (chap- 


ter 1, of the 2d volume, Geology of North Carolina) the dis- 
covery of emeralds in this State was only conjectured. Up to 
1881 there had been found at the now famous locality only a 
few crystals, which “had not sufficient depth of color or trans- 
parency to be termed gems.”* But as forerunners of what fol- 
lowed in the succceding years these crystals had their peculiar 
value as pioneer specimens presaging the existence of true emer- 
alds. On page 41, chapter 1, Geology of North Carolina, 1881, 
the remark is made that “deep green crystals (of beryl) resem- 
bling emeralds and beautiful varieties, simiiar to occurrences in 
Siberia, are found on J. W. Warren’s farm, near Salem Church, 
Alexander county.” 

The discevery of the emerald mine was made in 1880 and was 
in the vature of a scientific deduction from events occurring to 
me while carrying forward a systematic search for Platinum iu 
North Carolina. While visiting Alexander county and vicinity, 
in 1879, a few pieces of “beryl” were noticed in the collection of 
alceal mineralist (Mr. J. A. D. Stephenson) which in their edges 
exhibited a tinge of color verging distinctly on that of the 
emerald. On that observation I at once concluded that, a re- 
gion which could produce beryls, having a slight tint of the 
true emerald color, might, or ought to furnish the true emer- 
ald if proper search was made. Accordingly, at my first leis- 
ure the locality was re-visited (the Warren farm above cited) 
and a systematic search commenced for the source of the crys- 
tuls of beryl, which up to that time had only been found 
loose in the surface soil and of trifling value. After five weeks 
of fruitless effort a vein was found at a depth of eight feet below 
the surface, in which not ouly true emeralds were found, but also, 
along with them, many slender crystals having emerald color, 
perfect transparency, but otherwise very different from emeralds 
proper.t It is unnecessary to recount here all the emerald dis- 


coveries made in Sharpe’s Township, Alexander county, during 


*Letter from Dr. Genth, 1880, to Mr. J. A. D. Stephenson. 
7These crystals were subsequently given the name of hiddenite. 
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the past six years, and it must suffice to mention only the more 
important “finds,” 

In October, 1882, twenty-two ounces of emerald were found 
in one “pocket,” one crystal of which was sold in its natural 
condition for 8800. (It weighed nine ounces and was eight and 
a half inches long and only partially suitable for jewelry).* 
Many “ pockets’? were found in the succeeding four years yield- 
ing crystals which sold for from $25 to $200 each. 

On the ninth of August, 1886, a “ pocket” was unexpectedly 
discovered which yielded another nine-ounce emerald ; this erys- 
tal was one and one-quarter inches thick and three inches long, 
and is the largest of the three emeralds figured in Plate 1. 

Nine erystals were taken out of this pocket at a depth of not 
over twenty feet. Three of them brought $1,000 and are yet 
retained in their natural condition as when found. 

In July (1886), at a depth of forty-three feet, in the hard 
rock, a small “pocket” was found and an emerald was taken 
therefrom which, upon being cut by a ijapidary, yielded a 
beautiful gem of 42 carats weight and was worth $200. It has 
the distinction of being the finest gem emerald yet discovered in 
the United States. This mine is owned by several Northern 
gentlemen and is incorporated under the title of “The Emerald 
and Hiddenite Mining Company,” with a nominal capital of 
$200,000. The locality is situated sixteen miles north-west of 
Statesville and directly on the line of the Taylorsville extension 
of the Western North Carolina Railroad. A station near the 
mine has been formally named “ Hiddenite,” and a new post- 
office has been established there, bearing the same name. 

The photo-engraved Plate No. 1 exhibits well the natural form 
of three of the best crystals of the “find” of August, 1886, and 
also the shape of the cut emerald, all of natural size. The two 
crystals in the middle foreground are hiddenites, and will be 
noted under that head. 


One-third of a mile due west a new discovery was made, in 


*See Harper's Monthly Magazine, December, 1887, for colored illustration. 
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1885, of emerald tinted beryls,* and the locality promises gem 


results in the near future. It is known as the Morton mine 
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PLATE 2—BERYLS AND EMERALDS, FROM ALEXANDER COUNTY. 


(formerly the Pendergrass-Lyon land). Good indications also 
exist, some three miles easterly, on the old Miller farm. 


*It is stated on good authority that a Mr. Meisermohr found “a very green beryl!” on 
this tract over twenty years ago. 


















50 JOURNAL OF THE 


In the writer’s opinion emeralds will be found on the same 
geological horizon as the Alexander county localities over a very 
extensive area north-east and south-west. Outside of this emerald 
locality there is no other emerald mine known to exist in the 
United States. 

BerRYL (aquamarine and those varieties other than emerald).— 
Some notable transparent beryls were mined in’ Alexander, 
Macon and Yancey counties during the past five years, some of 
which were cut into brilliant gems of marketable sizes. As high 
as five dollars per carat has been obtained for large lots of North 
Carolina aquamarines of pale green, blue and yellow shades. 

Those found outside of Alexander county were from the mica 
mines, while the former were exclusively from the gem mine in 
Alexander county, with one very remarkable exception of a huge 
gem beryl, from a new locality north-west from Taylorsville, 
where it was found loose in the surface soil. 

Some of them are exceedingly beautiful in their natural con- 
dition as found, the polish on the natural erystal planes being 
equal to that made by a lapidary. See Plate 2, page 49. 

Some few of the Alexander county crystals have from forty to 
ninety terminal faces* and would take rank, in a scientific sense, 
above those of any other American locality. Thus far eighteen 
different forms (three of them new) have been identified on the 
beryls found at the Emerald and Hiddenite mine, while com- 
mouly only two or three forms occur, 

Opaque beryls, blue and green, weighing more than fifty 
pounds each, have been found in Yancey and Mitchell counties, 
and should glucina ever be desired in quantity, for commercial 
purposes, North Carolina could supply this ore of it, by the ton. 

Hippentret (emerald-green spodumene).—The manner in 


which this beautiful mineral was so unexpectedly discovered has 


“Amer. Jour. Sei., Nov., 1882, p. 372; Ib., June, 1887, pp. 405—506. Sitzungsberichte det 
Niederrheinischen Gesse lischaft far Natur—und Heilkunde in Bonn, July 7, 1886, pp- 
15 

tAmer. Jour. Sei., Feb., 1881, pp. 128—130, J. Lawrence Smith 

tA few pale, yellowisti-green crystals of what, in 1879, was considered to be DiopsipE 
had been found on this same property by some of Mr. Warren's children, and they 
found their way into the loeal collection of Mr. J. A. D. Stephenson, in whose cabinet I 


noticed them (in 1879 Neither he nor I looked forward to finding this mineral of sueh 
a beautiful rich GREEN COLOR as Was so unexpectedly done in the vein already mentioned, 
or of even finding it again. We did not, in fact, give it much attention. Emera.ps 
were the only goal ahead. 
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already been detailed in the preceding pages, under ihe head of 
Emerald. As early as November, 1880, I had shown this new 
emerald-green variety to possess the characteristics that are con- 


sidered necessary in a gem stone, i. ¢., beauty, harduess, trans- 











CRYSTALS OF HIDDENITE, FIGURED BY EF. 8. DANA. 
parency and rarity. It did not take long, therefore, for this new 
gem to be appreciated on its own merits and find sale as a 
precious stone. Almost at once sales were made at the high rate 
of $100 per carat, and within a year from its discovery it had 
been successfully introduced, both at home and abroad, as a gem 


of the highest rank. Hiddenite is to the species spodumene 
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CRYSTALS OF HIDDENITE SHOWING TWINNING, AND ROUNDED TERMINA- 
TIONS DUE TO NATURAL ETCHING. (DRAWN FROM NATURE). 
exactly what emerald is to the species beryl, ¢. ¢., a chrome green 
variety. Its hardness nearly equals the emerald. Its density 


varies from 3.15 to 3.19. Its form is monoclinic, and the erys- 
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tals of this variety of spodumene have added nineteen new 


planes* to the species. Its cleavage angle = 86° 46’ 373”. 


Careful analyses by Smith and Genth yielded the following 


results: 


Smith, Genth. 
Silica, ‘ Maem -« ‘ . 63.95 
Alumina, . 28.10 : , 26.58 
Chromic oxide, . 0.00, , * 0.18 
Ferric oxide, . .25 5 eee 
Ferrous oxide, s  eadae , ‘ ‘ 1.11 
Lithia, . , 7.05 : ‘ . 6.82 
Potash, ‘  -wheae . ° ‘ 0.07 
Soda, ° : D0 ‘ , . 154 
Loss, by heating, a 

100.40 100.25 


To-day fine examples of this gem are quite the rarest among 
precious stones, and the demand was never supplied for the bet- 
ter sizes. “Owing to the dichroism there is a peculiar fire to 
them which is wanting in the true emerald.”—Dr. E. S. Dana, 
Am. Jour, Sci., Sept., 1881, p. 182. “It is a variety (of spodu- 
mene) rivaling the emerald as a gem,” states Prof. J. D. Dana 
in his Manual of Mineralogy (1887), p. 269. 

Plate 1 includes two crystals of Hiddenite [the two in the 
front middle foreground with their points extended towards the 
reader.] The larger crystal is the finest one yet discovered, It 
was 68 millimeters long and 714 thick. It would furnish two 
gems weighing over five carats each, one of which would be of 
superb dark-green color, Up to the discovery of this erystal 
(which is now in the Bement collection) the largest cut gem 
weighed but 22 carats, and it had been sold to a wholesale gem 
broker in 1880 at the rate of $100 per carat. 

The work of development at the mine has reached a depth 
of fifty-eight feet, thirty-two feet of which is in the solid rock. 
The formation continues unchanged, and the last work done 
vielded a handsome percentage of profit. 

SpopUMENE (other than the emerald-green variety).—The 


ordinary common variety of opaque gray spodumene has not as 


*Described by Dr. E. 8. Dana and the late Prof. G. Vom Rath. 
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yet been found in North Carolina. Perfectly clear crystals of 


faint yellow tints and different shades of yellowish-green have 
been found at the emerald locality, and fine gems have been cut 
of these pale colors which were very brilliant. Often a crystal 
of spodumene will be almost colorless or faintly yellowish for 
three-fourths its length and then terminate with a crown of pure 
emerald color. This phenomenon is peculiar, but not confined to 
spodumene; for some tourmalines, sapphires, sphenes, ete., show 
a similar diverse arrangement of coloring matter in the same 
crystal. 

Pseudomorphs of pinite, muscovite and “ gillingite” after 
spodumene crystals occur at the Alexander county locality much 
the same, though in miniature, as those at Branchville, Conn., 
and elsewhere. The Alexander county spodumene, thus far in 
my experience, is an implanted mineral on the walls of open 
pockets and is not an imbedded mineral as is the fact elsewhere 
in the United States. This may explain its gem character in 
North Carolina. 

GARNET (pyrope and almandine varieties).—Some very cred- 
itable gems of brownish-red, cherry-red and purplish-red hues 
have been found in Alexander county, though no regular deposits 
have been located as yet. A few of the cut stones sold for from 
$3 to $10 each. One four carat gem brought $20. 

The locality eight miles south-east of Morganton has produced 
several tons of a very compact and perfect garnet, which have 
been crushed into different grades of fineness for use as a “ sand- 
paper” and shipped in that form to Northern parties. 

[The locality stated as “ Marshall’s farm, where garnets are 
found two feet in diameter,” seems to be erroneous. People in 
Alexander county cannot locate it, and the size stated seems too 
great. | 

Zincon (silicate of zirconia).—The locality on Green River, 
Henderson county, at the old Freeman place, has been re-opened, 
and the yield to date has been upwards of twenty tons (40,000 
pounds). This and the adjoining Jones mine have produced 
about thirty tons altogether, most of which has passed through 
2 
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the writer’s hands to its ultimate market. Under encouragement 
from General T. L. Clingman, these same mines had pro- 
duced, up to 1879, not far from a ton of pure zircons. 
This industry is an entirely new one. North Carolina has 
natural advantages in her zircon mines in the method of their 
occurrence, which permits her to successfully compete with the 
whole world in their production. Zirconia is the most infusible 
substance known (with the possible exception of thoria), aud 
these North Carolina crystals contain 65.3 per cent. (Chandler) 
of zirconium-oxide. The use to which this unprecedented 
quantity of zircons is being put, is as one of the constituents 
in the make-up of the lately patented Welsbach Incandescent 
Gas-light. The inventor is Dr. Carl Auer von Welsbach, of 
Germany, who is now making practical use of the incandescence 
of zirconia and other rare earths (ceria, Janthana, thoria, ete.) 
while under high temperatures. The best results are obtained 
when water or natural gas is used, since the heat obtained is much 
greater than from ordinary gas. Already strong companies are 
being formed the world over to introduce and maintain this new 
gas-light, and it promises to become a very popular means of 
illumination. 

ALLANITE.—Several new localities of this rare mineral have 
been discovered. The one near Democrat Post-office, in Madison 
county, is very promisiug. The locality near Bethany Church, 
Iredell county, has been examined lately, and it is safe to assert 
that tons could be mined there. A variety in crystals from the 
Wiseman mica mine, Mitchell county, has been analyzed by Mal- 
lett and found to contain 8.20 per cent. of yttria and only 1.53 
per cent. of ceria, This mineral has also been identified by the 
writer among specimens from Brindletown, Burke county ; at 
the Henderson county zireon mines and at the gem mine in 
Alexander county, 

PyrocuLorRe.—I have found small crystals of this rare min- 
eral (they may prove to be microlite) at Ray’s mica mine, Yan- 
cey county, and better crystals, of the variety known as Hatch- 
ettolite, at Wiseman’s mica mine, Mitchell county. The latter 


contains about 15 per cent. of uranium oxide. 
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CoLuMBITE.—A single large erystal of this ore of columbie 
acid was found near Liberty Church, Alexander county. Its 
density was 6.28. It therefore consisted more largely of tan- 
talic acid than is commonly found in columbite. The mineral 
thought to be ‘Eschynite, now credited to this State, has been 
shown to belong here. 

SaAMARSKITE.—Several hundred pounds have been mined and 
sold during the past five years from the old original locality at 
Wiseman’s, in Mitchell county. Several new earths have been 
discovered in it, @ e., Decipia, Phillipia, Samaria, ete. 

EUXENITE.—This species has not as yet been found in this 
State. The brown mineral from Wiseman’s mine lacks the 
titanie acid essential and is only altered samarskite. 

JESCHY NITE AND YTTRO-TANTALITE.— These species have not 
as yet been identified from this State and should not be included 
in the list of North Carolina minerals. 

POLYCRASE, or an allied species, has lately been found on 
the Davis land, in Henderson county, near Green River. It is 
a columbo-titanate of yttrium and uranium, and a qualitative 
analysis has shown all of these elements to be present. The 
proportion of the yttrium earths and of uranium seems to be 
higher than found in the Norwegian polyerase, and the colum- 
bic and titanic acids seem to be present as a complex inorganic 
acid and not as a mere mixture. It may be a new species. 

RvUTHERFORDITE.—A doubtful species long credited to this 
State. It is most probably identical with the fergusonite of the 
sume region first recognized by me in 1879, and analyzed by 
Smith and Mallett. 

FERGUSONITE (columbate of yttria, erbia, ete.).—I have found 
very fine crystals at the Wiseman mine, in Mitchell county, but 
with nothing new as to form. Some were more than one inch 
long. The locality about the Pilot Mountain, in Burke county 
(Mill’s mine), has produced many crystals of this rare mineral. 

XENOTIME (yttriam-phosphate)—Some few extraordinary 
crystals were found in Alexander county at a place about three 


miles east from the Emerald mine. At first they were not unnatu- 
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rally mistaken for zircons, such was their almost perfect resem- 
blance in color and form. The best single erystal was only one- 
fourth inch wide and one-half inch long, though a polysynthetic 
grouping of several crystals was double that size. The particular 
feature was the Jong prismatic development (zircon-like) and the 
transparency of the ervstals. Careful measurements showed the 
inclination of the unit pyramid on the prism to be 131° 12’ to 
131° 14’. Density 4.52. They added one new plane to the 
species, the pyramid 3 (331). A notable crystal was .121 and 
.113 ineh in its two diameters and .522 inch long. It was per- 
fectly transparent and of a hair-brown color. A small mineral- 
ogical gem could have been cut from it. 

Lately I have re-examined the monazite-sand obtained in 
August, 1880, near Milholland’s Mill (now Warren’s), on Third 
Creek, Alexander county, and have identified this rare mineral 
in it. The crystals are very minute, but are perfectly clear, 
have a delicate brown tint and have long prismatie develop- 
ment. They also present one new plane, i. e., pyramid 2 of the 
second series. I have described crystals from Burke county* 
(Mills’) and from Henderson county (Davis’ on Green River) 
that were symmetrically compounded with zireon, like those 
from Norway first noticed by Zschau. (Amer. Jour, Sci., I, 


Am, BIS). 





PRISMATIC XENOTIME AND XENOTIME-CYRTOLITE (SYMMETRICALLY COM- 
BINED) FROM ALEXANDER AND HENDERSON COUNTIES. 


MonaziteE (cerium, lanthanum and didymium phosphate 
with some thorium).—The erystals of this species which I was 


*Lately found to contain over 4 per cent. of thoria. 
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privileged to discover in 1880, in Alexander county, at the then 
Milholland’s Mill locality* proved to be the most perfectly devel- 
oped erystals found up to that time, and in the hands of Dr. 
Edward 8. Danat have given the first wholly reliable results ob- 
tained for the species as to its angles. He found their axial 
ratio to be e (vert.): b:a = 0.95484 : 1.03163:1; with a (100) 


over c (001) = 76° 20’. 


ya Fi, 


Vy 





8 


= c 
MONAZITE, PRISMATIC AND TWINNED, FROM ALEXANDER COUNTY. 


VW 


They were highly modified, very brilliant in lustre, of a light 
topaz-yellow color and of perfect transparency. Many hundred 
were found, but mostly of minute sizes; those of one-eighth 
inch diameter were very rare. Nine different forms were iden- 
tified and twelve in all were observed. The prismatic angle, I 
over I (110 % 110), was determined very exactly, i. e., 93° 253’. 
For the first time the true form of this species was removed 
from all doubt. 

The monazite of the Pilot Mountain gold region (Burke county) 
has been carefully analyzed by S. A. Penfield,t of Yale College. 
He states that “almost half of the bulk of this sand (after care- 
ful concentration) is composed of resinous-looking grains of 
monazite, from jth to §th inch in diameter, some showing 
crystalline planes.” By careful selection a sufficient quantity of 
the pure monazite, of an even shade of color, for a complete 
analysis in triplicate was finally separated. The specific gravity 


*Am. Jour. Sei., July, 1881, p. 21. 
tIb., October, 1882, p. 247; Ib., pp. 250—252. 

254, E.S. Dana and 8. L. Penfield. “Zeitschrift fur Krys- 
65, Dana, 








tIb., October, 1882, pp 


tallographie, ete., 7, 363- 
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was found to be 5.10; the color usually varies from wax- 
yellow to cinnamon-brown. 


The result was as follows: 





I. Il. Ill, 

Phosphoric acid, ‘ 20.45 , 29.20 ' 29.20 
Cerium oxide, ‘ 31.38 ‘ 31.94 ‘ 30.77 
Lanthanum oxide, ; 30.67 30.80 81.17 
Didymium oxide, } 
Thorium oxide, F 6.68 6.24 ; 6.56 
Silica, ‘ ‘ F 1.40 
Water, or loss by ignition, 0.20 , 20 

99.78 


It is thus seen that this particular mouazite is a normal phos- 
phate of the cerium metals, with a mechanical (?) mixture of a 
thorium silieate, very similar, chemically, to the symmetrical 
inclusion of zirconium-silicate (zircon) in the yttrium-phosphate 
(xenotime) found in this same region. 

A monazite from Virginia yielded fourteen per cent., and a 
mass from Connecticut gave eight per cent., of thoria to this 
same analyst. 

In the light of some recent inventions monazite-sand may 
become of considerable commercial value on account of its very 
apparent applicability. The complete separation of the grains 
of monazite from the other minerals composing the sand is the 
one “desideratum” necessary to insure its practical use on a 
large seale. 

Mineralogists and cerystallographers have been especially 
pleased with the “find” of monazite crystals at a locality in 
Alexander county situated about three miles east of the Emer- 
ald and Hiddenite mine. They were found among large smoky 
quartz crystals, considerable rutile in the form of fine yellow 
needles matted together and some remarkable xenotimes. Only 
about twenty good crystals were found, For the most part 
they were transparent, of a beautiful essonite-red color and 
highly polished. They varied in width from one-fourth to 
one-half inch, and from one-third to three-fourths iach long. 


They were long-prismatie in the direction of the clino-axis and 
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were twinned parallel to the orthopinacoid. Cruciform twins 
like the figure were observed. 

In the respects of size, color, being twinned and in the occur- 
rence of several planes, they differed from those found at Mil- 
holland’s Mill, in the same county, but they were not quite as 
smoothly and perfectly developed. An analysis, by Penfield, 
showed only a normal monazite with 1.48 per cent. of thoria as 
impurity (2). Specific gravity, 5.203. Nothing finer, in this 
species, has as yet been discovered over the entire world. 

APATITE (phosphate of lime).—This species is rare in this 
State, as a crystallized mineral. Excepting at the Ray mica 
mine, in Yaneey county, where crystals were found one-half 
to two inches thick, having a gray color, I do not remember to 
have noticed any evidences of its occurrence outside of Alexan- 
der county. The discovery of fine crystals in this State is nota- 
ble only from its scientific value, since the crystals were small 
and quite rare. 

In many of the gem bearing “ pockets” opened-out in Sharpe’s 
Township, Alexander county, small apatite crystals have been 
found, but not until July, 1886, were any found that were 
worthy of particular notice. In a “pocket” 10 x 2 X 6 feet 
(which was found forty feet below the.surface) among splendid 
erystallizations of quartz, muscovite, siderite, dolomite, rutile and 
emerald, several patches of apatite crystals were noticed. It 
was plainly evident from their loose attachment and perfection 
that they were the last crystallization of the “ pocket.” For the 
most part they were rather long, slender, six-sided prisms of a 
pale bluish-green color and transparent. Few were more than 
one inch long. They were undistinguishable from beryls in 
their appearance, though beryls rarely oceur so brilliant aud per- 
fect in outward form. In one corner of the pocket a small 
group of muscovite crystals were found on which were implanted 
afew very brilliant wine-yellow transparent crystals of apatite. 


They were of an entirely different habit from the other apatites 
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found. Instead of being long prismatic they presented mostly 






terminal planes in great number, as the two figures here show. 
























HIGHLY MODIFIED APATITE CRYSTAL, FROM ALEXANDER COUNTY: 
FIGURED BY H. 8. WASHINGTON. 

Fourteen different forms were identified, twelve of which 
appear in the above figure. A normal development would pre- 
sent one hundred and_ thirty-four 
planes on each erystal, while only 
twenty planes are found ordinarily 
on apatite. 

The angle of the base ¢ (0001) on 
the unit pyramid x (1011) was found 
to be 139° 443’ and the axial ratio 
as 1:0.734335.* 





CY A twin crystal of apatite, the first 
win or APATITE, aoe : " 
ALEXANDER Co to be deseribed+ and credited to the 


species, is here figured. It was found with the slender erystals 
above noted. The twinning plane was discovered to be s (1121, 
2-2). 

Excepting the green and purple apatite from Mt. Auburn, 
Maine, none has been found in the United States more highly 
interesting or more beautiful. 

RUTILE (pure titanic acid, Ti O,).—This mineral is not used 
to any great extent commercially, and no very large deposits 
have been found in this State, but it has been proved to have a 


very general distribution throughout the Piedmont belt and to 











*Am. Jor. Sei., June, 1887, p. 504, Hidden and Washington. tIbid 
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occur frequently in magnificent crystallizations. Crystals of 
considerable magnitude have been found in Clay county, Yancey 
county (near Hurricane Mt.), in Michell county (near Bakers- 
ville) and in many localities in Burke, Iredell and Alexander 
counties. Notable quantities have come from Clay and Chero- 
kee counties, and from Lincoln county, near Lincolnton. To 
Alexander county, however, the credit must be given of having 
produced the most beautiful rutile crystals known to science, 
Rutile is found there iv a similar situation to the gems and 
quartz crystals, 7. e., in open pockets; in fact, it is found inti- 
mately associated with and implanted upon the gems and often 
preponderates over all the other crystal contents. The particu- 
lar points of difference over the same product from other regions 
are their mode of occurrence, beautiful natural polish and erys- 
tallographic features. Their color ranges from jet black to clear 
ruby-red and pale-vellow. They range from those of minute 
sizes to rare examples three inches long and half inch diameter. 
Their lustre in some cases approaches that of polished steel. 
Gems have been cut from the most solid crystals and the result 
compares favorably with the rare black diamonds from Brazil. 
Only experts could tell them apart. 

4 The axial ratio was determined 
anew on these crystals, and meas- 
urements of the angles gave results 
remarkable for their close agree- 
ment to the calculated angles.* Five 


new planes were also added to the 





NAL 7 species, four of which were discov- 
ss ered on two crystals found by the 
HicguHiy-mMopiFriep RurtILe. ° ‘ ae tae . : 

Basan View). author in Sharpe’s Township, Alex- 

ander county, at the Emerald mine. 
Curiously jointed, mitred and reticulated crystals and also 
masses of crystals thus united have been commonly met with; 
all of which are found to follow certain arbitrary twinning laws 


—_—_ 


*C over s (0001, O over 111, 1) = 137° 39’ 52”. a:c =1:0.644252, Washington. 
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and are not accidentally brought together into such strange shapes 
as a cursory examination might seem to indicate. 
ToURMALINE.—Some fine black crystals have been found in 
Alexander county, at the gem mine, and as their forms have 
been closely inspected, and their composition ascertained, they 
are worthy of notice here. ‘ 
The largest crystals of this “find” were not quite three. 
inches long, but unlike the commonly occurring tourmalines 
they were never imbedded in a matrix. Thin sections and 
splinters show a deep brown color. The faces were highly 
polished, especially the terminal planes, and twelve different 
forms were identified, One new plane was found, i. e., 2 R. 
The angle of } R over } R (1012 over 1102) was ascertained to 
be 132° 581’.* (Des Cloizeaux obtained 133° O08’ on foreign 
crystals). The basal plane was frequently observed. 
A careful analysis by R. B. Riggs, U.S. Geological Survey, 
gave the following results: 
Sp. Gravity = 3.15. 
Silica, , ‘ ‘ ‘ 35.56 
Alumina, ‘ ° ; 33.38 
Ferrous oxide, . ° ° . 8.49 
Titanic acid, : ‘ ‘ ; 0.55 
Manganous oxide, , ‘ ; 0.04 
Lime, : . : : . ; 0.53 
Magnesia, . , : : : 5.44 
Soda, ‘ F . ‘ a 2.16 
Potash, ‘ . ; - . 0.24 
Water, : , ‘ ‘ , ‘ 3.63 
Boracie acid, R . ’ 10.40 


100.42 


A few green tourmalines associated with lepidolite (or a pink 


mica) have been found near Burnsville, Yancey county, which 


possibly indicates that the gem variety may be found there ulti- 


mately. 
Matacon.—lIn the Brindletown gold sands [ have found 
several good crystals of this rare variety of zircon. The color 


*Measured by H. 8. Washington. 
+tAmer. Jour. Sei., Jan., 1888, p. 45, Riggs. 
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is jet black with occasionally a grayish crust. The form differs 


from the zircons directly associated with them, and they are also 
very much larger. Their black glassy fracture distinguishes 
them from the fergusonite and samarskite of the same sands. 
Their density equals 4.087. 

Cyrrouire (Hydrous zirconium, ete., silicate).—Masses and 
distinct crystals having curved faces and gray-brown color have 
been met with at the Wiseman mica mine, in Mitchell county, 
associated with autunite, fergusonite and samarskite. Also at 
Mill’s mine, near Brindletown, and at the xenotime and poly- 
erase (?) locality on the Davis land, near Green River, in Hen- 
derson county. 

Tuorire (Hydrous thorium-silicate).—The discovery of tho- 
ria in the Burke county monazite* has led Penfield} to regard 
its presence as due to a mechanical mixture of thorite with 
monazite. Dunnington suggested substantially the same after 
an analysis of Virginia monazite.t Penfield states that ‘ oxide 
of thorium is widely different, in its chemical relations, to the 
oxides of the cerium metals, and hence should not be present 
as a replacement of them; and moreover, as it is present in 
very different amounts, it seems natural to assume that the tho- 
ria exists in the form of an impurity.” Peofield has shown by 
a microscopic examination that thorite is present in monazite 
beyond question. He prepared a thin section which showed 
small grains of a darker resinous substance scattered through it. 
It was moistened with hydrochloric acid, gently warmed, then 
carefully washed with water and examined with the microscope. 
White blotches had taken the place of many of the resinous 
spots, while the monazite appeared to be wholly unattacked. 
This observation proved beyond doubt the (sometimes) inclusion 
of thorite in monazite and substantiated the chemical evidence 
(see analysis of monazite before noted). 


Now that thorite is known to exist in this State microscopi- 


*Edison found thoria in this mineral in 1879 in specimens collected by the writet 
‘Am. Jour. Sei., October, 1882, p. 253. tAmer. Chem. Jour., IV, 138, 1882 
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cally we may hope to find large masses of it, as is the case in 
Norway and Sweden. 

I have had a considerable quantity of thoria and thorium 
salts prepared from the monazite-sand found in Burke county, 
near Brindletown, and I believe that the quantity there available 
would aggregate many thousand pounds, should a demand arise 
for its production. 

AUERLITE.*—While about to complete a contract, furnishing 
twenty-six tons of zircons, this mineral was found in small 
quantity. I returned to the locality for more material and 
was obliged to mine four hundred pou.ds of zircons, addi- 
tional, in order to get enough of this new mineral for analysis 
and description. Thus far [ have only had three ounces of it, 
but believe that in the neighborhood of its discovery some nota- 
ble deposits of this rich ore of thoria and of thorite or orangite 
will be discovered. It has only been found at the well-known 
Freeman zircon mine, in Henderson county (on Green River) and 
on the Price land, three miles south-west. At both places it 
occurs in disintegrated granitic and gneissic rocks, and has been 
found after the manner of gold-washing. 

Its specific gravity varies from 4.4 to 4.766, the darker 
colored mineral being the densest. Its hardness = 2.5 to 3. It 
is very brittle and is easily crumbled. Color, from pale lemon- 
yellow to orange and brown-red. Forms are like the zireons of 
the region, only they have a tendency to a longer prismatic 
development. The crystals are often found attached to unaltered 
zircous in parallel position, One twin erystal was found having 
twinning plane parallel to 1-7, like zircon twins. 

Analyses (by Mackintosh) show it to be either a hydrated 
thorium-phosphate mixed with a hydrated thorium-silicate, or a 
partial replacement of silica, in thorite, by phosphoric acid. — Its 
composition has a direct bearing upon the presence of thoria in 
monazite (q. v.) and seems to prove that thoria can be considered 


as partially present in monazite as a phosphate. The analyses 


gave tne following results: 








*Am. Jour. Sci., Dec., 1888, pp. 461—463, Hidden and Mackintosh. 
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Water, . . ¥.88 ' , 11.21 

Carbonic oxide, 1.00 | 
) ey crc cack : 704 . 82 
Phosphoric acid, _.... ‘ 7.46 ‘ 7.59 
Thorium oxide, cease ‘ 70.13 
. Ferric oxide, . each ‘ 1.38 
Lime, : ; din . 0.49 

Magnesia, ‘ rere , 0.29 

Alumina, ete., aie ‘ 1.10 

99.70 


It is readily soluble in HCI. It turns dull-brown on ignition, 
but becomes orange again on cooling. 

This occurrence of thoria, in combination with phosphoric acid, 
is the first instance of such a compound existing in nature. The 
analysis leads to the formula—Th O, | ig lon. ). This 

3 2™"5 
mineral has been named auerlite, after Dr. Car! “Auer von Wels- 
bach, the inventor of the Welsbach Incandescent Gas Burner, 
for the reason that, it was found while mining the very large 
quantity of zireons ordered to supply a demand directly caused 
by his invention and but for which this mineral might not now 
be known, 

TuNGSTEN.—A mineral, having a density of 7.2, has been 
found in Granville county, near Henderson. I have not as yet 
hal enough of it to determine whether it is wolframite, hiib- 
nerite or megabasite. It was associated with magnetite and 
quartz and had been considered “a very rich iron ore” locally. 

CASSITERITE (tin-stone, oxide of tin).—The full history of 
the finding of tin-ore in this State has never, to my knowledge, 
been given to the public. 

It seems that a student* of the military school at King’s Mount- 





ain Station found a few pieces of an unusually heavy mineral 
somewhere in the village and took them to his home in Morgan- 
ton. This happened sometime in 1882. In 1883, when speci- 
mens were eagerly sought for everywhere in the State for the 


American Exhibition held in Boston in October and November 





of that year, a little lot of minerals were gathered together in 






——__. 





*Robert T. Claywell, of Morganton. 
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Morganton by Colonel 8S. McD. Tate, and sent by him direct to 
Boston. Among this lot was included the specimens first men- 
tioned, 

The unpacking of this particular box came into my hands, 
and the contents were duly exposed in the cases of the North 
Carolina exhibit. The pieces of cassiterite were found wrapped 
in a paper and were without any label or mark to distinguish its 
identity or locality. At once [ knew it to be cassiterite and so 
labeled it. (The “ Commercial Bulletin,” Boston, Mass., of Oc- 
tober 13th, 1883, contains the following paragraph in a lengthy 
notice of the North Carolina mineral exhibit: “ Cassiterite-— 
Pure tin-oxide. Found massive, and semi-crystallized, in the 
western part of North Carolina. Sp. Grav. 6.8; hardness 7; 
70 per cent. tin”). IT acquainted all the gentlemen of the North 
Carolina section with my identification of tin-ore among speci- 
mens sent from Burke county, and impressed upon them the 
possibilities which a proper location of the original source might 
bring about. For the time being I dismissed the matter from 
my mind, thinking that when opportunity offered I should 
investigate it myself. To our then State Chemist* and to the 
then Commissioner of Agriculture} I imparted my discovery, 
and they both expressed great surprise and pleasure that the rare 
mineral, cussiferite, was at last added to the State’s resources. 
This was in October of 1883. 

In February of the next year public announcement of the 


discovery of tin at King’s Mountain, N. C., was made by Dr. 
Dabney, who gave the credit to the young student who had 
merely picked up the ore, and a tin excitement was the result. 
In all these notices no credit was given to the one who had first 
identified the mineral as tin ore and to whom the honor of the 
discovery was properly due under the rule of priority. 

As the sequel proved the discovery prompted a considerable 
amount of work being done at the locality, with but meagre 


results in finding paying veins or workable masses of ore. 





*Chas. W. Dabney. +tMontford M. MeGehee 






























ELISHA MITCHELL SCIENTIFIC SOCIETY. 67 






In point of fact (I state this from a later personal experience at 
the locality, in the interest of a New York gentleman, whereby 
$500 was spent in fruitlessly prospecting for a tin mine) the tin- 
ore has only been found as yet in small pieces (fourteen ounces the 
largest), and no regular connected veins have been located. The 
ore seems to be nodular and sparsely disseminated over a very 
considerable area in and about King’s Mountain village, and 
paying mines of tin ore in that region have yet to be discovered. 

The ore is very pure, assaying often 68 per cent. of metallic 
tin, but it is very difficult (or has been) to get any very considera- 
ble quantity of the pure cassiterite together at one time from 
any one place. Altogether the total output of the locality might 
not aggregate over 500 pounds of pure cassiterite. For the 
present we must be content with the simple knowledge of its 
existence in our State, and the belief that paying tin mines will 
yet be discovered somewhere within her borders. I have thus 
shown how tin was first made known in North Carolina, how 
mines of it were eagerly looked for and how it all resulted —as 
I believe—unprofitably to all parties concerned. Let us hope 
that the next tin excitement will rest on a larger and more deep- 
seated foundation and not pounds, but tons, will express the daily 
output. 

Muscovire (mica).—Marketable mica has been found in small 
quantities in Alexander county, but the special discovery to be 
noted is ef erystals of mica of rare perfection of form and of 
their occurrence in the open “ pockets” at the gem mine in Alex- 
ander county. Hundreds of pounds are thrown away because 
of its small size, though surfaces four inches diameter and larger 
have been often found. The form is thin hexagonal, with many 
planes showing on the prismatic edges, but too obscure for 
identification or careful measurement. The color varies from 
brown to bright-green. It is with pleasure that [ add an analy- 
sis, by F. W. Clarke* (U.S. Geol. Survey), of this interesting 
mica : 


*Am. Jour, Sei., August, 1887, p. 131. 
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Water, loss on ignition, 5.46 
Silica, . , ‘ ‘ ‘ F ‘ ‘ , ‘ . 45.40 
Titanic acid, ; : ‘ , ‘ ‘ ‘ ‘ , 1.10 
Alumina, ‘ ‘ , ; ‘ ‘ ‘ ‘ ; . 83.66 
Ferric oxide, ‘ ‘ , 2 ‘ , , ’ . 2.36 
Magnesia, . ‘ ‘ . , . ° ‘ ‘ ‘ 1.86 
Lithia (trace), ; ; ‘ , . ‘ ‘ wea 
Soda, ‘ . ; ‘ s s s ‘ ‘ ‘ 1.41 
Potash, " ‘ . . ‘ r ‘i ; A ; 8.33 


Fluorine, : F ‘ ; ‘ ‘ P é‘ ‘ P .69 


100.27 
Less oxygen, ‘ i , ‘ ‘ ; ‘ : 29 





” 99.98 

Associated with and upon it, were found thin scales of a min- 
eral related to hisingerite; it may be “gillingite.” 

DoLomiITE.—Beautiful crystallizations, of this carbonate of 
magnesia and lime, occur with siderite (carbonate of iron) and 
calcite (carbonate of lime) in the gem-bearing pockets of the 
deeper workings in the Emerald and Hiddenite mine, in Alex- 
ander county. The crystals are remarkable for not presenting 
any curved faces and for their simplicity of form. The unit or 
cleavage rhonbohedron is the common form, though four other 
planes have been observed. Twin erystals are common, Color, 
from clear glassy colorless to pale brown and purplish. White 
opaque crystals are also found. No finer crystals of dolomite 
have been discovered in the United States, and few, indeed, from 
European localities can compare with them. 

Smooth polished crystals three inches in diameter were not 
uncommon. Outside of this Alexander county region no erys- 
tallized dolomite had been found before in this State, and only 
near the valley river in Cherokee county, as a marbie-like 
variety, is its existence otherwise known in the State. 

GAHNITE (zine-spinel).— Dr. Genth has analyzed the fine green 
massive variety from the Grassy Creek mica mine, in Mitchell 
county, and found it to contain thirty-eight per cent. of the 
oxide of zine, which is uncommonly high for the mineral. Con- 
sidering its rarity and mode of occurrence the high per cent. of 
zine found in it seems to have been discovered in a very odd and 
out-of-the-way place. No other zine mineral is known to exist 


in the neighborhood or for many miles around, 
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Merecoric Iron.—A new mass of meteoric iron has been 
announced as found on the Linville Mountain.* It is small, 
weighs about one pound and is very much rusted. It has been 
analyzed by Whitfield with the following results: 


Iron, , . ‘ : , ; 84.56 
Nickel, . ; ‘ ; F ‘ ; 14.95 
Cobalt, : ‘ E ‘ ; 2 ‘ 0.33 
Sulphur, : ‘ ‘ ° , ‘ 0.12 
Carbon, = . ; “ 2 trace. 


99.96 

A twenty-six pound mass of meteoric-iron has just been 
placed in the State Museum from Rockingham county, and it is 
considered to be a portion of the same meteorite of which, in 
1866, Professor Kerr secured an eleven-pound mass in the same 
region. 

Metroric Stone.—The largest stone of the Nash county 
“fall” of May 14th, 1874, came into the writer’s possession in 
1886. It weighs about twelve pounds. Dr. Sill (on whose 
land it was seen to full) had carefully preserved it, and for 
twelve years he had refused to part with its possession to any 
one. It is the next largest meteoric stone known to have fallen 
in the State, that of Cabarrus county being somewhat heavier. 

XANTHITANEY (a mineral resulting from the alteration of 
titanite).—It is found abounding in a disintegrated pegmatite near 
Green River Station, in Henderson county. Its color is yellow, 
of different shades. The form is that of titanite, though well 
preserved crystals are rare. Density 2.48—2.94. 

An analysis by Mr. L. G. Eakins? (U.S. Geol. Survey) lately 


completed is here appended. It was made on air-dried material : 











Water, lost at 100 degrees, . 6.02 P . Unaltered titanite. 
om red beat, . 9.92 : ‘ 
Silica, . : ‘ ; . 164 5 ‘ F e . 80.61 
Titanic acid, ; : . 57.46 5 : 3 3 . 40.82 
Alumina, : F . 16.41 
Ferric oxide, . : : . 4.16 - ; ; Sse 
Lime, : : , - : 84 ; . ‘ " . 28.57 
Magnesia (trace), : , 
Phosphorie acid, d . 8.89 
100.34 100.00 
*Am. Jour, Sei., XXXVI, Oct., 1888, Kunz 
TAm. Jour. Sci., XXII, 96, 1856. 
tL. e h 3, 1888, from F. W. Clarke 
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As Clarke remarks, ‘The analysis shows a complete removal 
of lime and silica from the original sphene (titanite) and a tak- 
ing up of alumina and water. The result is a clay containing 
titanium in place of silicon.” 

I believe this mineral could be mined profitably as an ore of 
titanie acid. 

Quartz.—Within the past twelve months masses of clear 
rock erystal, of sizes unprecedented in the United States, have 
been found near Jefferson, in Ashe county. . Two of these 
(which were seen by the writer) would have furnished perfectly 
clear and flawless spheres of five inches in diameter, or pellucid 
slabs eight by six inches square. One large crystal weighed 
nearly two hundred pounds and had highly polished natural 
faces. Under the names of “ Pebble” and “ Rock-erystal ” this 
kind of quartz finds ready sale, by the ton, for the purposes of 
furnishing material for spectacle lenses and for ornament. 
Mitchell and Alexander counties have also produced large masses. 

Important discoveries of new and rare erystal forms, in this 
very common species, have been made on erystals from Alex- 
ander and Burke counties.* The late Professor Gerhard Vom 
Rath, of Bonn, Germany, has made our quartz crystals famous 
by his very patient Jabors in the identification of their forms. 
He has figured and minutely described the more interesting of 
these crystals, and the student who is technically inclined is 
respectfully referred to his memoirs here eited.+ A full trans- 
lation of his studies and the reproduction of his drawings should 
be included inv some future edition of this report. I have thought 
it best to introduce in this paper a reproduction of at least ten 
of the many drawings made by the lamented Vom Rath that 
the student-reader may fully appreciate why so much interest 


has been attached to these crystals. See Plate 3. 


*Mr. J. A. D. Stephenson and the late John T. Humphreys were the first to call atten- 
tion to these modified quartzes, and their collections have been rich with them. Their 
pioneer work in colleeting North Carolina minerals is deserving of a more lengthy 
notice 

tSee Zeitsehr. fur. Krystallographie, X, 156: Ib., X, 475; XII, 453-459 Sitzungsber. d. 
niederrh. Ges. far Natur—und Heilkunde, 6, July, 1885, 45-55. Verhandlungen des Naturh. 
Vereins d. preuss Rheinl. u. Westf., 1884, 290—324. American Jour. Science, Vol. XXXII, 


Sep., 1886, p. 208; Ib., June, 1887, p. 507. 
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PLATE 3—MODIFIED QUARTZ CRYSTALS, F 
COUNTIES: AFTER G. 
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In Plate 3 the figures 1, 2, 3, 4, 5, 8 and 9 are of crystals 


discovered, by the writer, during the progress of the work at 





























the emerald and hiddenite mine, and now constitute a part of 
the unique “suite” of North Carolina minerals owned by Mr. 
C.S. Bement, of Philadelphia. 

Professor Vom Rath states that “nearly a// the known forms 
of quartz seem to have been discovered in a small area of Alex- 
ander county, and much to his surprise he observed several 
planes (twelve in all) new to science.” Certainly these quartz 
crystals far surpass, in their various points of scientific interest, 
all the discoveries in this species made elsewhere in this country 
within the past ten years. 

Since 1879 the writer has been much interested in the so- 
called “basal-planes” on quartz crystals from North Carolina. 
My experience goes to prove that genuine basal planes are of 
very rare occurrence in this species. In the great majority of 
cases the planes observed have been produced by compression or 
juxtaposition. From among mauy crystals, appearing, when 
superficially examined, to possess this rare plane, I have selected 
only two which have a natural and normal development of the 
basal pinacoid. Upon being carefully measured with a reflective 
goniometer (by Alfred Des Cloizeaux, at Paris, May 8th, 1886) 

* the angle + R over O = 128°, whereas the calculated angle is 
128° 13’. Therefore the occurrence of this face is removed from 
all manner of doubt, as Des Cloizeaux has already stated. This 
plane seems often attempted to be formed, but the result is hum- 
mocky and uneven. A rough unpolished basal truncation is 
common on the Alexander and Burke county quartz crystals, 
but a smooth basal plane is a rarity. 

Figure 7, Plate 3, exhibits a basal plane erystal (otherwise 
rarely modified) discovered by Mr. J. A. DD. Stephenson in Lre- 
dell county, and is part of a remarkable “suite” collected and 
owned by him, 

The quartz crystals from some of the localities in Western 
North Carolina have attained a wide celebrity from other reasons 


than their interesting outward form or their clearness; the inelu- 
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sions of fluids and gases have often been observed and of 
remarkable quantity. Crystals containing inclusions of fluids and 
gases are not uncommon, but erystals having such inclusions 
plainly visible to the naked eye are rarely found. 

A brief description of a very remarkable “pocket” of these 
fluid-bearing crystals opened out some seven years ago at the 
now well-known geim locality in Sharpe’s Township, Alexander 
county, would perhaps be of interest to record here.* 

It was while prospecting for new veins bearing emeralds that 
this pocket was unexpectedly discovered. A narrow drift of 
quartz fragments, with small flakes of mica, was the only sur- 
face sign noticeable. At the head of this drift a shaft was sunk 
to a depth of nineteen feet, with the following interesting 
results : 

The drift, within a foot of the surface, took shape as a solid 
vein of quartz, which rapidly widened until, at six feet depth, 
it had attained a width of fully three feet. Within the next 
two feet the pocket nature of the vein had become apparent by 
the presence of hard lumps of red clay, within which small erys- 
tals of quartz were found. 

The vein for the next foot was almost entirely composed of 
this hard red clay. Then, to our great astonishment, one of the 
miners, striking his pick very forcibly, saw it disappear wholly 
from his sight. Naturally he was alarmed. We all thought for 
a time the safest place was at the top of the shaft. Feeling from 
past experiences at the locality: that a cavity of not very 
unusual dimensions was about to be opened to our view, we 
descended and resumed the work. 

Procuring a long stick, I probed this cavity, so as to ascertain 
its size, this being a necessary precaution to work it out properly 
and safely, 

[t was thus shown that the pocket was about three feet wide, 
seven feet long, and at that time about three feet deep, though 
I could push the stick quite deeply into the clay at the bottom. 
March, 1882 
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Exposing at full length the upper part of the cavity, it showed 
all along its sides and at the bottom stalactitic and stalagmitic 
forms of red mud. 

The quartz, which at one time had completely lined the 
pocket, had, by process of disintegration, dropped into the open 
space below. It was in the mud and clay in the bottom of the 
pocket that all the crystals subsequently found were discovered. 
Only at the very bottom were the walls found in situ. This 
pocket differed in no respect from those commonly occurring in 
this region. They are all shrinkage fissures, situated in a contra 
direction to the strata, of very limited extent, and nearly per- 
pendicular in position. The country rock is gneiss, with a dip 
nearly vertical. A thick layer of soil everywhere mantles and 
conceals it from view. Three days of careful work were spent 
in exhausting this pocket. 

Over four hundred pounds of perfect quartz crystals were 
obtained from this one pocket, besides nine emeralds (already 
noted). Of good, bad and indifferent there was found in all 
nearly half a ton of crystals. 

It was noticed that the crystals that had been directly attached 
to the walls were semi-transparent and without any great de- 
velopment of the prismatic faces, while implanted upon them 
as a secondary growth were crystals of great beauty and trans- 
parency, varying from citrine-yellow to dark chocolate-brown 
in color, and for the most part perfect in form. Two-thirds of 
them were perfectly terminated at both extremities and with con- 
siderable prismatic development. It was these latter that con- 
tained the fluid inclusions. 

Large plates of rosetted mica were quite common, and on 
them were implanted small crystals of rutile and of quartz in 
rare perfection. When the smoky crystals were first found they 
were noticed to contain many cavities seemingly filled with a 
very clear and lustrous fluid. Though no bubbles of air (or 
gas) were observed to move in these cavities at that time, yet I 
knew these crystals to be the so-called “water crystals” of 


mineralogists. 
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I take pleasure in recording the remarkable size and quantity 
of the cavities enclosed in these crystals. The longest cavity 
noticed was nearly two and one-half inches long and one quarter 
of an inch wide. Cavities of one inch were not uncommon. 
while those of one quarter inch and less were, in truth, without 


number. 





NATURAL SIZE OF SOME REMARKABLE FLUID INCLUSIONS OBSERVED IN 
QUARTZ CRYSTALS, FROM NORTH CAROLINA 

Many of the crystals seemed to be made up almost wholly of 
cavities, whose walls were barely thick enough to keep them 
separated. Many hundred, plainly visible to the unaided eye, 
could have been counted in a single crystal. 

For some time after these crystals were removed from the 
pocket no bubbles were noticed in any of the cavities. Some 
peculiar condition of the crystal, or of the atmosphere, then 
existing, probably prevented their formation. Later the bub- 
bles appeared in great numbers. A few of the crystals were, as 
water-bearing crystals, very remarkable in size. One weighed 
nearly twenty-five pounds, had both ends terminated, was of a 


dark-brown color, and as beautiful as any we have seen from 
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other localities. All the water-bearing crystals were large, none 



























y less than two inches in diameter, and many of over three pounds 
F in weight. The cavities were arranged parallel to each other 
and to either a rhombohedral or a prismatic face. 
: An interesting phenomenon observed in these crystals did not 
occur until some time after their discovery. The best crystals 
of the “find” were carefully selected and placed where they 
were considered to be safe—safe at least from molestation. That 
the weather would interfere, or in any way affect them, did not 
enter my mind. 

One evening in November I left these crystals nicely arranged 
at the mine, except a few of the smaller ones, which I carried to 
my log-eabin, thinking the while of what a treat I had in store 
for mineral collectors and for science. 

During the night following the mercury unexpectedly de- 
scended below the freezing point. About midnight I was awak- 
ened by several sharp reports, like the explosion of gun caps. 
Over a dozen of these explosions occurred, 

Upon the table, where the crystals had been placed the even- 
ing before, there remained the next morning only some few 
sharp fragments of quartz. Pieces of the crystals, large and 
small, were found even fifteen feet away. In fact, they were 
completely ruined. The cold had caused the water in the cavi- 
ties to freeze and consequently to expand and then burst the 
crystals, 

[ hastened to the mine with the gravest fears for the safety of 
the finer crystals left there. Judge of my dismay to find not one 
of them, even the smallest, left intact. 

Crystals that only a few hours befure were rare examples of 
the workings of Nature’s laws were now, by these same myste- 
rious laws, left only as an evidence of her power to do and to 
undo her grandest achievements. Only crumbled masses of frag- 
ments remained to tell the story. 

Those with few cavities had burst, scattering large fragments 
widely separated, while those containing minute cavities lay as 


a heap of small fragments frozen together in a coherent mass. 
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This last feature, while being a sad reminder in one respect, is 
of value to science, since it shows conclusively the abundance of 
the fluid included, and also, what is of more importance, that this 
cementing ice was formed either directly from the fluids in the erys- 
tals or by influences which they exerted. I do not believe this 
cementing ice was wholly formed by the freezing of the water 
contained in the cavities, but was gathered there by the attraet- 
ive influence of the liquid carbon dioxide upon being so sud- 
denly set free; that this liquid carbon dioxide did, by its 
natural affinity for moisture, create around it an atmosphere so 
cold that even the little dampness then existing in the air was 
congealed upon the crystal fragments. 

As the room was a dark one I had all these masses and larger 
fragments carried out and placed in the sunlight, for no other 
reason than to examine them more carefully. I did not antici- 
pate from this any further developments of scientific interest. 
Again, believe my astonishment, as soon as the rays of the sun 
touched them, to notice an ebullition commence at once, which, 
strangely, could be heard a few feet away. This ebullition way 
continued for over an hour, growing less as thawing pro- 
eressed, 

While holding a mass of frozen fragments my hand would 
become quite wet with the melting ice. Iam not in error in stating 
that a cub. em. of this fluid could have been easily saved had 
the proper means been at had. It is much to be regretted that 
none was preserved, 

I noticed some curious phenomena ina single fragment, which 
had by some means escaped destruction by freezing. 

This specimen had several small cavities, arranged nearly 
parallel to each other. At temperatures below 70° a small bub- 
ble could be plainly seen to move in each cavity, as the position 
of the specimen was changed. It was further noticed that the 
cavities contained two liquids, in one of which the bubble was 
wholly confined in its movements, This was seen to be the cen- 


tral and more transparent fluid. 
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If this specimen was slightly heated (the mere heat of the 
hand was found sufficient) the bubbles would grow gradually 
less until they disappeared entirely, and the fluids would unite. 

On cooling, a critical temperature would be reached, when all 
the cavities would be filled with numberless minute bubbles, 
which, rushing together, would in a few seconds form to its full 
size the bubble originally noticed. I found that this experiment 
could be repeated indefinitely, without any diminution of its 
interesting phenomena or risk of damage to the specimen. 

To Alexander county, North Carolina, and to many of the 
surrounding counties, we can hereafter look to produce fluid- 
bearing quartz crystals second in interest to those of no other 
region in the world. 

FatsE PseupoMoRPHS OF Quartz.—In the older works 
on mineralogy mention is made of “ pseudomorphs of quartz 
after barite,” “ pseudomorphs of quartz after calcite,” and 
of “pseudomorphous quartz,” as occurring in Rutherford county, 
N.C. In all the mineral collections where the writer has seen 
specimens from this locality, they have been found labeled as 
above noted. 

Opinions seem to have been divided between the identity of 
these forms with barite and calcite, though I have often heard 
them stated as representing the form of “an unknown species.” 

The specimens are conspicuous for their ever varying and 
unsymmetrical forms, their inconstant angles, and for being 
almost invaribly hollow, like geodes. The best specimens from 
Rutherford county, N. C., were found by Col. Twitty previous 
to 1870, and as early as 1850 the locality was well known. It 
had a local fame based upon the not unfrequent discovery of 
“water-bearing crystals” among the irregular quartz masses, 
which had a ready sale and were the cause of whatever develop- 
ment the locality ever received. 

A second locality is situated in Iredell! county, near Statesville, 
on the land of a Mr. Crawford. It is noted for the abundance of 


the material there occurring, the large size of the separable 


masses, the almost solid character of the forms and the non- 
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occurrence (as yet) of fluid-bearing masses, Otherwise the local- 
ity is similar to that of Rutherfordton. 

From a careful study of the rock in situ and of many speci- 
mens from the localities, I am forced to conclude that these forms 
of quartz are pseudomorphs of the interstices between crystals of 
some mineral that crystallized in thin flat tabular forms. 

Sections of these water-bearing forms present an interior of 
bright transparent crystals, or of mammillary chalcedony ; while 
the structure of the walls is semi-radiated from the exterior. 
Careful examination of the surfaces show a series of triangular 
markings (angles 60°) on all sides. Now these markings are 
exactly what we would expect by the slow deposition of quartz on 
the basal pinacoid of a uniaxal erystal (rhombohedral), or of the 
deposition of quartz from solution in a vein filled up with 
meshed and netted crystals which being thin, presented only 
basal planes for contact surfaces. What the original mineral 
was is not shown by the specimens. The casts of erystal cavi- 
ties in the larger masses show an unmistakable hexagonal prism 
with a large development of the basal pinacoid (these two planes 
identified by striations on the quartz), and this characteristic is 
persistent. 

A careful test by Mr. J. B. Mackintosh of the fluid contents 
of a small four-sided erystal (?) proved it to be only neutral 
water, and the bubble to be only air (not carbonic acid gas as 
was expected). 

[t is to be hoped that at no distant day deep work at one of 
these localities will discover specimens of the thin hexagonal 
plates, which have left only the interstices between them in the form 


of a mould of quartz. 


For the use of the figures of crystals, included in the forego- 
ing pages, I extend to the editors of the American Journal of 


Science my sincere thanks. 
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NEMATODE ROOT-GALLS. 


A PRELIMINARY REPORT ON THE LIFE HISTORY AND METAMORPHOSES OF A 
ROOT-GALL NEMATODE, HETERODERA RADICICOLA (GREEFF) MULL., AND 
THE INJURIES PRODUCED BY IT UPON THE ROOTS OF VARIOUS PLANTS.* 


BY GEO. F. ATKINSON. 


IN'TRODUCTORY. 


The purpose of the present paper is to put in the form of a 
preliminary report the result of some investigations made this 
autumn, in the neighborhood of the Experiment Station, upon 
the nature and cause of the abnormal growths found upon the 
roots of various plants. These deformities are popularly ternied 
“root- knot.” Soon after entering upon my new field of labor 


here my attention was called to the subject by the Director, 





Prof. J. S. Newman, who showed me tomato plants the roots of 
which were exceptionally “ knotty.” 

The investigations were begun the first of October, 1889, and 
continued for about six weeks, when the subject-matter of this 
preliminary report was sent to the press. 

At the time the work was undertaken I was unaware that a 
Bulletin was being published by the Division of Entomology, 
U.S. Agricultural Department, under the direction of Dr. C. V. 


Riley, embodying the results of investigations made by Dr. J. 





C. Neal, of the Florida Experiment Station. The first notice I 
had of this work was from Insect Life.+ 

That workt has since been distributed, and has reached me 
just about the time of going to press. Unfortunately there are 
many errors in the part dealing with the structure and life his- 


—_—___ 


Selence Contributions, Ala. Polytechnie Inst., Vol. I, No. 1, Auburn, Ala., Dee., 1889. 
rVol. Il, No. 3, Washington, 1889. 
{Bulletin No. 20, Division of Entomology, U.S. Dept. of Agr. The Root-knot Disease 


each, Orange and other Plantsin Florida, Washington, 1889 











82 JOURNAL OF THE 


tory of the nematode, though some of the economic suggestions 
possess value. It is but just to Dr. Riley to say that he is not 
personally responsible for the errors contained in the Bulletin, 
since he states in an introductory paragraph (/oc. cit.) that the 
nematodes “do not, in a zodlogical sense, strictly belong to the 
Division work. * * * The Bulletin makes no pretense to 
be a scientific treatise on the life history of these worms, but is 
in the main an effort to ascertain a suitable remedy. The gen- 
eral literature on the subject lias not been at Dr. Neal’s com- 
mand, and my time is so fully occupied otherwise that I can do 
little or nothing at present in the way of identification of species 
or of comparing Dr. Neal’s results with those of European 
investigators, which, as a matter of fact, are of little practical 
importance.” 

The conditions this autumn at Auburn have been quite favor- 
able for determining a number of interesting facts relating to 
the development and transformations of this nematode, as well 
as the duration of a life cycle showing the number of successive 
generations in a year. 

I]. 


EXTERNAL CHARACTERS OF THE DISEASE. 


By a reference to Plates I, II and III the external characters 
of the disease can be seen. These plates represent respectively 
“knotted” specimens of the roots of the Lrish potato, tomato 
and parsuip and salsify. Plates I and III are natural size; 
Plate II is reduced to two-thirds natural size. All are from 
average specimens. The abnormal growths on the tomato root 
appear as irregularly fusiform, knotty or nodulate enlargements, 
two to ten times the natural diameter of the roots. The surface 
of the gall is at first smooth, more or less undulate or papillate, 
but becomes later roughened, scurfy or cracked, and finally decay 
of the tissues sets in. The tap root and the earlier lateral roots 
were attacked early in the season, and when the photograph was 
taken they were partially decayed and falling to pieces. When 
the roots begin to die they send out new roots in the efforts of 
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the plant to recover from the effects of the disease. These roots, 
in turn, are attacked and deformed as represented in the figure. 
Other plants were found with the tap root still alive, very much 
enlarged and cracked, and the disease in an active state. The 
enlargements of the roots of the [rish potato are similar in form 
to those of the tomato, though on specimens I have examined 
they are not so large or numerous. The surface of affected 
tubers first presents minute elevations usually at the point on 
the surface corresponding to a lenticel. The minute elevation 
soon grows to be quite a large convex elevation and finally 
cracks. In the seed potato in tle figure, Plate I, the cracks can 
be seen, while on the young potato represented in the upper left 
hand corner the projections are still quite smooth. These char- 
acters of the disease in the tubers will be referred to again. 

There is great variation in the form of the galls even on the 
roots of a single species. Plate V, Figures 31 and 32, represent 
respectively the galls on the roots of the cotton plant and peach. 
The fibrous roots of the peach possess short ovoid, usually lateral 
galls; sometimes they are symmetrical. As the root becomes 
older and the disease spreads the external appearance is more as 
represented by the larger root in the figure, the surface irregu- 
larly enlarged, roughened and cracked. 

This description of the external characters of the disease will 
serve to introduce the subject. A more detailed comparison of 


the variations in different plants will be given below. 
III. 
MICROSCOPIC CHARACTERS. 


Upon examination the enlargements proved to be the galls 
produced by the presence of a nematode worm, Heterodera radi- 
cicola, Miill.* (Anguillula radicicola, Greeff,+ Anguillula arena- 


ria N.{ ex-parte). If we cut directly across one of these tomato 





*Mittheilungen uber unseren Kultarpflanzen schadliche, das Geschlecht Heterodera 
pidenden Wurmer, Landwirthschaftliche Jahrbucher. Band XIII, Heft I, 8. 1-42, Ber- 
In, 1884 

tSitzungsbericht. der Marburg Gesell. z. Beford. d. Naturwiss, 1872, S. 169. 

{Bulletin No. 20, U. 8. Department of Agriculture, Division of Entomology, Washing- 
ton, 1889. 
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root-galls, make a very thin shaving from the cut end and pre- 
pare it for examination with the microscope, the micro-charae- 
ters of the disease will be revealed. Fig. 36, Plate VI, represents 
such a preparation magnified; a and 6 represent two female 
eysts; a is mature, 6 is in an earlier stage of development. If 
the female cyst is very old the cavity in the tissues of the root 
will be seen to be occupied by young thread-like worms—the 
larvie, and egys in different stages of development, floating in 
a semi-fluid, granular, gelatinous substance, the amorphic re- 
mains of the parent worm. See Fig. 37, Plate VI. If the 
knife in making the section should pass through a young female 
eyst, the cavity would seem to be occupied by granular proto- 
plasm and numerous small fat globules, or, as in many instances 
is the case, the long tubes of the uterus and ovaries with young 
ova in different stages of development may be seen. If the 
knife should pass by the side of the animal without injuring it 
the cavity would then contain a perfect animal variable in form 
according to age or the character of the surrounding tissues of 
the root. See Fig. 29, a and b, Plate V; Figs. 36, a and 6; 40, 
a, and 41, a, Plate VI. 

In order to understand the real nature of the cysts, and the 
effect produced upon the growth and structure of the deformed 
root, it will be well to note the form and general characters of 
the mature female cyst, and then follow with a detailed account 
of the development, transformations and habits of the sexes, 
which forms one of the most wonderful and interesting subjects 


it has ever been my lot to investigate. 
rv. 
GENERAL CHARACTERS OF THE MATURE FEMALE CYST. 


I have selected the mature female cyst as a preliminary study 
because of its comparatively large size as compared with the 
males or young, because it is so much more easily found than 
the males, and almost any one who has a low power microscope 
at hand can demonstrate with ease the general characteristics 


here given. 
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When the galls on the roots of some plant, which has tender 
tissues like the roots of the tomato, are badly cracked and in the 
incipient stages of decay, if one is broken there will usually be 
seen whitish or dull yellowish irregularly oval bodies, from one- 
fourth to one-half of a millimeter (one-hundredth to one-fiftieth 
of an inch) in diameter, that are easily differentiated with the 
unaided eye from the discolored and broken surrounding tissue. 
Usually the unaided eye cin detect also the head end projecting 
asa minute point on one side, giving to the object the appearance 
of a minute “ gourd,” or “crooked-neck squash,” or a minute 
inflated bladder. With the aid of a small hand-glass at least 
this peculiarity of form can be seen. These are the gravid female 
cysts. 

Placing some of these cysts so that they can be seen under 
the microscope and magnifying them about one hundred times 
they will appear something like Figs. 34 and 35, Plate VI; or 
27, Plate IV. The resemblance now to a small “gourd” is 
easily seen. The head is at the small end. In the mouth-hole 
can be seen a short slender cylindrical spear, broadened at the 
base, which ends in three short lobes. This spear is hollow, the 
anterior end lies in the mouth opening at the middle point of 
the head end of the animal. It is capable of extension at the 
will of the animal and is moved by pairs of muscles directly 
attached to it; Fig. 34, a, Plate VI. The spear of the male 
nearly agrees in form. This is represented more highly magni- 
fied in Plate IV, Fig. 212, ¢, and Fig. 25, a. In this latter figure 
only two of the lobes at the base of the spear are represented. 
The mouth opening is cylindrical and behind broadens into the 
mouth-hole. 

In the males the anterior end of the exsertile spear is sup- 
ported by six lamellz, the ends of which form the anterior end 
of the head and fit around the spear. A front view of the 
arrangement of the lamellze presents a radial, stellate figure, 
which is shown in Fig. 24, Plate IV, drawn also from the male. 
The cesophagus begins at the base of the exsertile spear. The 
anterior part is a long, slender, tortuous channel which looks like 
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a dark line reaching to near the swelled portion of the eyst 





where is the middle part of the cesophagus. The middle part 
of the eesophagus is an ovoid or ellipsoidal transparent muscular 
bulb, which has a fibrillate structure, the fibrillee radiating from 
the centre. Seen in side view this bulb looks very much like a 
small wheel. In Plate VI, Fig. 34, 4, is the bulb or middle part 
of the cesophagus. The slender, tortuous channel, forming the 
anterior part, is represented connecting this with the base of the 
spear a. The posterior part of the cesophagus connects with 
the alimentary canal, neither of which are represented in the 
figure, as the mass of fat globules usually renders the body too 
opaque at this age. 

Were it not for a slight movement of the apparatus just 
described, or a trifle “nodding” of the head, there would be 
nothing to suggest what we ordinarily consider a sign of life. 
Occasionally, even while the cyst is under microscopic examina- 
tion, the exsertile spear is thrust slowly out at the mouth and 
then drawn back ; at the same time the anterior part of the cesoph- 
agus, being connected with it, is also moved. Sometimes the 
apparatus slides far enough so that the tortuous anterior part of 
the cssophagus is straightened and the bulb is moved a little for- 
ward and backward, Sometimes there appears also a slight side- 
wise movement of the anterior part of the head, a sudden 
“jerky” motion. This sidewise movement of the head is 
probably from foree of the habit of the worm in its larval stage 
when movement from place to place is accomplished by a con- 
stantly changing tortuous motion of the body. Miiller* speaks 
of an expansion and contraction of the middle part of the cesoph- 
agus which he has observed. By this means nutriment from 
the plant is sucked in through the lumen of the spear into the 
cesophagus and thence into the alimentary canal. Now turning 
the eve upon the large part of the body the first thing to attract 
attention is the presence of two long cylindrical objects coiled 


D> 


within. Usually at this age of the eyst the development of 





*Mittheilungen uber unseren Kulturpfianzen schadliche, das Geschlecht Heterodera 
bildenden Wurmer, 


1884. 
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numerous fat globules on the interior of the body renders it so 
opaque that the terminations of these tubes and their connection 
with the body wall cannot be seen. Figs. 34 and 35, Plate VI, 
represent such opaque cysts. In some parts of the tube, how- 
ever, can be seen polygonal cells, the faces where they meet 
making a zigzag line along the tube. Towards the posterior 
end of the cyst there can usually be seen oblong bodies lying 
within the tube or free in the body cavity. If these bodies are 
lying on their side they resemble a bean in shape. They are the 
eggs, and the long objects coiled within the body are the genital 
tubes. 

By examining a number of mature female cysts from the galls 
of plants with soft tissues there will be found occasionally one 
which is not very opaque, as the fat globules are less numerous. 
Having found such a cyst we can see that the two tubes unite 
near the posterior part of the body and form a common passage, 
of a great diameter, but quite short, which extends to an open- 
ing, the vulva. Then by following with the eye the sinuous 
course of the tubes in the other direction the anterior ends will 
be found lying free within the body near the anterior portion. 
From the part where the tubes fork for nearly half their length 
is the uterus. The anterior free ends are the ovaries; the middle 
part functions as the oviduct and receptaculum seminis. Fig. 27, 
Plate LV, represents a cyst not very opaque; d is the vulva, e the 
uterus, and the free ends in the anterior portion the ovaries. The 
anal opening in the mature female cyst becomes displaced ; it is 
represented in Fig. 27 at f. Fig. 28, Plate IV, represents the 
uterus and ovaries very highly magnified. 

V. 
DEVELOPMENT AND METAMORPHOSES. 
(See Plate IV). 

Eces.—The young ova are developed in great numbers in the 
ovaries. Fig. 28 represents them when some are full grown and 
the genital tubes are crowded for nearly their entire length. 


They are very tender and plastic, and when free are spherical. 
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But packed and confined as they are in several rows inside the 
wall of the ovaries they are held in a polygonal form. Each one 
contains a large nucleus and a distinct nucleolus. When quite 
young they are nearly hyaline, and transparent. Near the ante- 
rior ends of the ovaries they are several layers deep across its 
diameter. As they grow in size the increased pressure forces 
the elongated mass of young ova slowly toward the uterus, since 
they cannot escape at the anterior ends of the ovaries. Then 
because the diameter of the posterior ends of the ovaries and the 
uterus is but little greater than the anterior ends of the ovaries 
the ova must be arranged in a decreasing number of rows, until 
a single ovum is equal in diameter to the inside diameter of the 
uterus. If we count the number of ova which stand in a super- 
ficial transverse row across a well developed ovary, near the ante- 
rior end there will be four or five; now looking along the ovary 
toward the uterus, we will count three, two and finally one. 
With the increase in size of the ovum there is an accompanying 
development of yolk globules. The first change is the appear- 
ance of very fine granules. Then yolk globules are developed, 
a few at first, but become very numerous as the growing ovum 
passes into the uterus, when it is quite opaque. The globules 
seem to be more numerous in a peripheral plane. The ova are 
held in polygonal form until one only occupies the diameter of the 
uterus, when they are at first rectanglar in outline. From this 
form, as they grow in size, they simply elongate until their length 
is about two or three times their diameter. The ends of the egg 
are gradually rounded off, and it becomes slightly curved so that 
it is shaped very much like a bean. At first the ovum possesses 
a very delicate wall. The covering of the egg becomes stronger 
as it passes down the uterus. The fully developed egg possesses 
a double wall, a delicate inner membrane and an outer tough 
membrane. 

Just the precise stage when the ovum is fertilized I have not 
determined, but [ have found spermatozoa in the posterior part 
of the ovaries. The nucleus in the fully developed egg is quite 


distinct, though not so prominent as in the young ovum, It is 
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largely hidden by the mass of yolk globules. It is of a pale 
violet color. An examination of Fig. 28, Plate IV, will show 
many of these changes. A few of the eggs in one uterus have 
undergone various stages of segmentation preparatory to the 
development of the embryo, In dissecting living specimens 
very frequently the ovary or uterus becomes ruptured, in which 
case the ova in various stages of development escape from the 
great pressure exerted upon them by confinement, and not being 
entirely free from each other are held in beautiful grape-like 
clusters. Some of these are represented in Fig. 28. 

The mature egg is from .08 mm. to .10 mm. long (three to four 
thousandths of an inch); exceptionally I have found them .12 mm. 
long. Thus far its development has been an increase in size, a 
profuse development of yolk globules, and a change in form. 
Its development from this point is the multiplication of cells by 
division, beginning with the single cell enclosed within the egg 
membrane. (See Fig. 1, Plate 1V). Complete but somewhat 
irregular segmentation takes place. The nucleus first divides in 
two parts, forming two nuclei. Each nucleus moves a short 
distance towards its end of the egg. A transverse constriction 
now appears about the middle of the cell which progresses until 
the cell is divided into two cells (Fig. 2). The process is now 
repeated in each of these new cells resulting in four cells (Fig. 4). 
Sometimes one of these cells is completely divided before the 
other begins so that there may be three cells (Fig. 3). Occasion- 
ally the first line of fission is oblique, so that the two resulting 
cells are shaped as in Fig. 21. The egg now divides into six, 
eight, ten cells and so on. Usually the first division is such 
that one cell is larger than the other, but sometimes they seem 
to be about equal in size. Occasionally the first division results 
in two cells, one of which is only about one-third or one-fourth 
so large as the other. I have watched the cell division up to 
the stage representel in Fig. 7. Up to this point there is great 
variation in the disposition of cells at the different stages result- 
ing from variations in the somewhat unequal segmentation, 


From this point up to that represented in Figs. 8 and 9 I have 
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not, owing to the limited time over which my observations have 
as yet extended, carefully determined the progress of develop- 
ment. Figs. 8 and 9 probably represent the stage where the 
larger endoderm (internal) cells are completely surrounded by 
the smaller ectoderm (external) cells, just prior to the invagina- 
tion (sinking in) of the head end to form the mouth and cesoph- 
agus, 

According to Strubell,* in Heterodera Schachtii, the first two unequal cells into 
which the egg divides represent primary cells of two dilferent groups of cells 
which result from farther division. The larger primary cell divides more rapidly 
and forms small cells, which grow around the more slowly formed larger cells 
which result from the division of the other smaller primary cell. The growing 
over proceeds first down the convex side of the egg and the ectoderm cells fold 
over the opposite end of the embryo, the mass of endoderm cells. Thus the 


prostom’’ (the open space between the converging edges of the enveloping 


Is) is on the concave side of the egg, and because he ectoderm cells 


ectoderm ce 
on the concave side of the head end have grown but little it (the prostom) occu 
pies the entire concave (ventrai) side of the young embryo. At this stage if we 
turn the egg so that we are looking directly at the concave side the ectoderm 
cells will be in a boat-shaped mass, and in this boat-shaped mass of ectoderm 
cells will be the larger endoderm cells. The ‘* prostom’’ (open part of the boat- 
shaped mass of ectoderm cells) now begins to close by the growth and increase 
of the cells at the margin. This closure takes place more rapidly at the posterior 
end and advances toward the head end, so that after awhile there is only a small 
opening through the ectoderm cells near the head end of the concave side. This 
is finally closed so that the endoderm cells are completely enveloped by the 
smaller ectoderm cells. 

This is probably the stage which I have figured in Figs. 8 and 
9, Plate IV. The larger, endoderm, cells can be seen in the 
centre; the smaller, ectoderm, cells on the outside. Invagina- 
tion of the ectoderm cells now takes place at the head end, that 
is, the cells sink inward as if pushed in by some outside force. 
This is represented in Figs. 92 and 10. By this process the 
mouth and cesophagus are developed. [have only studied the 
external changes in the embryonic development. From this 
point up to the fully developed larva the changes are represented 
in Figs. 11 to 15. Beginning vith Figs. 10 and 11 the head end 
appears hyaline and finely granular, and is larger in diameter 


than the rest of the young embryo, which at this stage is of 


igen uber den Bau und die Entwickelung des Rubennematoden, Hete- 


sdera Schachtii Schmidt. Bibliotheca zoologica, Hett 2, sss 
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equal length and diameter with the inside of the egg membrane. 
It next begins to elongate and become more slender. This forces 
it to double up inside the egg membrane. It does so by turning 
its tail end by degrees around to its ventral side (Figs. 11, 12). 
In some cases the tail end for a time does not move. This causes 
the embryo to double up midway, and sometimes to be coiled in 
a spiral manner for awhile. It now continues to elongate until 
it is coiled twice (Fig. 13), then three times (Fig. 14), and finally 
four times (Fig. 15), within the egg membrane. 

I have watched the egg and embryo, under the microscope, pass 
through all these changes. Sometimes the embryo would double 
its length in eight or ten hours. When it has reached this stage 
it remains a day or so still within the egg membrane while the 
cuticle, the tough transparent body wall, is being perfected, and 
the slender pointed end of the tail is formed. Now by its 
writhing and twisting it ruptures the tough egg membrane and 
is set at liberty. At this stage the larva passes through its first 
moult, either just as it is coming from the egg membrane or 
very soon afterward. Fig. 16, Plate IV, represents the larva 
in the act of coming from the egg membrane. It is moulting 
at the same time. The thin larval skin can be seen slipping off 
its head and tail. 

As the female remains in a cystic state and the cyst is sur- 
rounded by the tissues of the plant the eggs when crowded in 
the uterus rupture it and finally the numbers of them completely 
fill the body cavity of the eyst. In a few cases, after freeing a 
eyst, I have observed eggs pass out at the vulva. 

Segmentation of the egg begins before it leaves the uterus, and 
we find, in the body cavity of live female cysts, eggs in all stages 
of development, and free larvee, so that the female may be said 
to be oViviparous, 

LARVAL Srace.—The larval stage begins with the hatching 
from the egy. The moult which takes place at the same time is 
the first moult of the larva. ‘The young thread-like worm is 
from .3 mm, to .4 mm. (twelve to sixteen thousandths of an inch) 


long; it tapers gently to the blunt head end, and gradually into 
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a slender pointed tail (Fig. 17). In this form it resembles what 
are called “vinegar eels.” In the head end we notice the exser- 
tile spear, with its tri-lobed base, the long, slender, tortuous 
channel of the anterior part of the cesophagus, and the ellip- 
soidal muscular bulb, the middle part. The lumen of the 
alimentary canal can also be seen, and it opens at the beginning 
of the hyaline space near the tail end. (See Fig. 17, Plate IV). 
The embryo, and for a time the young larva, possesses a cellular 
matrix inside the body wall, except at the head and tail ends, 
This soon develops numerous fat globules which are clustered 
around the alimentary canal. 

The young worms, when ushered into life, find themselves 
imprisoned by walls of plant tissue which formed at once the 
prison-house and tomb of their parent. (See Fig. 37, Plate 
V1). How to escape these bars is their first concern. Per- 
chance fortune may favor them if the cyst is near the surface of 
the gall so that a crack or partial decay of the tissues may liber- 
ate them. When not thus favored there are sometimes two 
courses open to them, more often only one. If the cyst opens 
into any of the large channels of the vascular tissue of the root, 
which is frequently the case, the larvee may make their exit 
through these to other parts of the same root. In a majority of 
instances the worm must face the only alternative of starvation, 
and actually batter a hole in the wall through which it may 
escape. Taking position, with the head end against a cell wall, 
it thrusts forward the exsertile spear, which strikes the cellulose 
wall foreibly, when it is drawn back and thrust out again. This 
process is repeated until a hole is made through the wall large 
enough to admit the body of the worm, into which it passes, 
and by successively battering down the cell walls of the sur- 
rounding tissues it makes its way to freedom on the outside of 
the gall or to a fresh portion of the same root. 

Having escaped from its confinement, by one of these three 


courses, it immediately selects another part of the root or a fresh 


young rootlet for attack and places itself in position for the 


siege. Bringing into play its exsertile ram, it forcibly gains 
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entrance to the healthy tissues of the root. The plant, not able 
to expel the invader, bends its energies in a vain endeaver to 
repair the injury to the roots. Increased development of cells 
takes place, and normal ones are turned from their proper posi- 
tion and function and also very much enlarged. The result is 
the formation of a gall, an increase of tissue in the root, which 
supplies food and protection for hundreds of the worms, all 
which lessens the energies of the p!ant normally directed to the 
production of leaf and fruit. 

The larvee wander for a time through the tissues and finally 
come to rest. Plate VI, Fig. 39, represents a larva as it is 
wandering through the tissues of a potato tuber. It now moults 
the second time and passes into a truly parasitic condition. 

Cystic SraTe.—The larvee locate at various depths in the 
tissues. The body now begins to enlarge, except at the two ends. 
Speaking vulgarly, it would be said to “swell up.” Almost 
before any increase in size of this part of the body is noticed 
the worm becomes rigid and could not move if it would. — Its 
body may be turned or twisted in very curious shapes when this 
rigidity or fixedness comes upon it. (See Plate IV, Fig. 17.2). 
The enlargement begins close behind the muscular bulb of the 
esophagus, and for a little time this part of the body is larger 
than the posterior part. Very soon the enlarging takes place 
all along the body to the hyaline space near the tail end, and 
this portion of the cyst becomes’ generally of a greater diameter 
than the anterior part. The evst is at first rudely spindle- 
shaped, then e'avate (or club-shaped), with a very small sharply 
pointed process, the tail, at the larger end. Fig. 18 represents 
the spindle form, 19 the clavate form. Up to this point it ts 
difficult to distinguish the sexes, but from this point they sharply 
(diverge. The female cyst continues to enlarge, while the male 
undergoes a wonderful transformation aud returns to the thread- 
like or cnguillula form. 

TRANSFORMATION OF THE MALE.—The body of the male at 
this point is the same size as the interior of the eyst, very stout 
in proportion to its length. The first sign of a transformation 
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is the slipping of the head from the wall of the head end of the 
eyst. At the same time the thick body of the male begins to 
elongate and double up inside the eyst, while the tail end, stout 
and blunt, begins to curve around. This makes the third moult. 
(See Fig. 21, Plate IV). While the male is elongating and coil- 
ing up in the eyst it begins to moult again, making four moults, 
The very thin skin can be seen partly slipped off the worm 
while yet within the evst (Fig. 21). The male continues to elon- 
gate and become more slender until it is coiled three, four, or 
more times, dependent on the length of the evst, within the walls 
of the eyst, which still retain perfectly the shape of the eyst 
when the transformation began. Even the exsertile spear moults, 
for its “mould” is left in the head end of the cyst, while the 
skin of the larval tail still projects as a slender process. The 
male coiled within this perfect wall of the eyst is a very beauti- 
ful object. Figs. 212 and 22 represent these. During this 
transformation the sexual organs of the male have become 
matured, It now breaks through the wall of the eyst and the 
surrounding tissue and travels blindiy through the maze of cells 
until it comes to its mate, when it pairs and then dies. Fig. 23 
represents a male coming from its eyst. Fig. 212 a male of 
Heterodera radicicola removed trom a eyst. 

STRUCTURE OF THE MaLe.—It may be well now to note some 
things about the structure of the male which were not described 
in the section upon the ‘General Characters of the Female 
Cyst.” It is from 1mm. to 1.5mm. (one twenty-fifth to one 
seventeenth of an inch) long and about .043 mm. (seventeen one- 
thousandths of an inch) broad near the middle. Its body a 
little less in diameter at the posterior end; the anterior half of 
the body gradually tapers to the head end, which is about half 
the diameter of the middle. The body wall is beautifully marked 
by prominent transverse strize broader and much more distinet 
than in the larval stage. The head, exsertile spear and cesopha- 
gus have been described. The excretory canal on the ventral 
side opens a little posteriorly to the muscular bulb. The caudal 
end (tail end) is slightly curved, and very near the end are the 


two curved spicules. 
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2 The generative organ is paired, the long slender testes lying ou 
) either side of the alimentary canal reach by their free anterior 
; ends to about the middle of the body. See Fig. 21z, Plate IV. 


Some little distance from the caudal end of the body they unite 
into a common canal, which itself near the spicules unites with 
the alimentary canal, forming the cloaca. The spermatozoa are 
| spherical. The cellular structure of the testes resembles that of 
the ovaries to some extent. The cells are polyhedral, and in 
side view the lines separating them are zigzag. See Fig. 212, 
: Plate 1V. In live males the spherical spermatozoa are easily 
seen at and near the common passage, but they are developed in 
the anterior ends of the testes. By boiling infested potatoes to 
soften them so that I could remove the cysts and mature males 
without cutting or mashing them, I found that it toughened the 
tissues of the animals, and made the cellular structure very dis- 
tinct. I possess several microscopic mounts of the males and 
one with the male in the act of coming from its cyst. 
DEVELOPMENT OF THE FEMALE.-—About the time the cysts 
have reached the stage when the male begins its transformations 
it is quite easy to distinguish the female cyst. The alimentary 
canal is very large and up to this time in both sexes has occupied 
nearly the entire cavity of the cyst. Now it begins to deterio- 
rate and the ovaries begin to come to maturity while the cyst con- 
tinues to enlarge. While the female cyst still possesses the 
slender tail process*, the irregular, slender hyaline cornua of the 
yenerative organs may been seen one on either side of the large 
intestine, which is covered with fat globules and is quite opaque, 
or more so than the genital tubes. See Figs. 19 and 19z, Plate 
IV. The vulva, the opening for the uterus, is at the point in 
these figures where the tail process joins the cyst. The cyst con- 


tinues to enlarge, or “swell,” until the tail part is cast and thrust 





aside, The vulva is now at the posterior end, and in some cases 
the body is so much enlarged that a depression is formed at this 
point (see Fig. 27, Plate 1V). The ovaries continue to elongate ; 


and fertilization takes place long before the cyst has ceased enlarg- 


*Probably the remains of the second moult 
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ing. The ova begin to develop while the eyst is comparatively 
small. Before the ovaries are fully developed they are capable 
of a slight independent motion, Frequently in examining those 
dissected from living cysts I have noticed a marked twisting and 
tortuous motion, probably due to a contraction of muscles in the 
walls. The body wall of the female is marked by irregular 
transverse strize, but not so prominent as in the male. 

LENGTH OF Lire CycLe.—This completes a life cycle of our 
Heterodera radicicola, It passes through all these changes, from 
the devolepment of eggs, successively through the larval and 
cystic state until eggs are again developed, in about one month, 
This I was able to determine by watching the development of 
the worms in the roots of “volunteer” potatoes which sprouted 
about the first of October and were infected from the soil and 
the “seed” potatoes. Thus in favorable seasons there would be 
at this latitude seven or cight successive generations in a year. 
Farther South, where the seasou is longer, probably the number 
of generations is increased. When we consider the number of 
eggs one female is capable of producing, from one hundred to 
two hundred or more, it will be seen that the worms multiply 
with startling rapidity. The periods of transformation of dif- 
ferent individuals do not altogether coincide, so that at almost 
uny season we may find worms in every stage of development. 

Brier RecapiruLaTion OF THE Lire Hisrory.-- Egg— 
The oblong, bean-shaped egg, .O8 mm. to .10 mm. long, devel- 
oped in the anterior part of the ovaries, after fertilization, enclosed 
in a double-walled membrane, undergoes partial or complete seg- 
mentation while yet within the uterus, From the beginning of 
segmentation to the fully developed larva five to seven days are 
required, The thread-like larva is coiled three or four times 


within the egg membrane. Larva—At the time of hatching or 


re 
soon thereafter it moults for the first time. It is “ thread-like,” 
blunt at the head end and narrowly pointed at the tail end, 3 
mm. to.4 mm. long. In the head end can be easily noted the 
exsertile spear and the long, tortuous channel of the anterior part 


of the csophagus extending to a prominent ovoid or ellipsoid 
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muscular bulb, the middle part of the cesophagus. From this 
point the lumen of the alimentary canal can be seen extending 
down through the middle of the body, in which is a matrix that 
develops many fat globules; the anus is situated at the beginning 
of the hyaline portion of the tail end. The larva now leaves 
the cyst cavity and enters a fresh root or different place in the 
same root. It wanders for a time when it comes to rest, moults 
a second time and then being fixed enlarges, or “swells up,” 
into a eyst with a flask-like body, the head projecting at one 
end and the slender pointed tail at the other. At this time 
prominent sexual transformations take place. Male—The male 
moults again (third time), leaving the outer wall of the cyst 
intact, while the body of the male elongates, narrows and becomes 
coiled three or four times within the cyst. While this change is 
going on the male moults again (fourth time). It is now from 
1 mm. to 1.5 mm. long, anguillula-like, blunt at each end, 
slightly curved at the caudal end, where are two curved spicules. 
In the middle line of the body runs the alimentary canal, in the 
posterior half of the body are the paired testes, which are united 
into a common duct near the caudal end, and at the cloaca this 
unites with the intestine. On each side within the body is a 
muscular cord extending the entire length of the worm. Fe- 
male—The female does not moult again, but continues to enlarge 
enormously until it is gourd-shaped, and the paired generative 
organs, opening by a common passage at the vulva in the pos- 
terior part of the body, form long tubes which lie coiled in the 
body of the eyst, free at their anterior end. As the embryos are 
developing the body of the cyst breaks up into an amorphic 
gelatinous mass in which the young larve and eggs are found 
floating within the eyst cavity. Length of life eyele, one month. 

MeraMorpPHisM oF HerTERODERA.—One of the features of 
the greatest morphological interest in J[Teterodera is its singular 
metamorphic character. This metamorphism finds its completest 
analogy in some forms of the Coceidw* where the larvee, after 


*strubell, Ad. Untersuehungen uber den Bau und die Entwickelung des Rubennema- 
toden, Heterodera Schachtii Schmidt. (Bibliotheca Zoologica. Originalabhandlungen 
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pursuing for a time a wandering life undergo a metamorphosist 
accompanied by what appears to be a retrogression, so that the 
creatures lack the power of locomotion. At the third moult of 
the male it is transformed again into a more highly organized 
being, possessing wings and capable of seeking its mate. On 
the other hand, the female remains fixed and incapable of loco- 
motion, and after impregnation by the male becomes enormously 
distended with eggs. It must be borne in mind, however, that 
this analogy is only superficial.  JZeterodera does not lose its 
power of Jocomotion through any retrogression of form like the 
loss of orgaus which occurs in the Cocei le, though, according to 
Strubell,some parts of the heal unlergo retrogression. It is 
because of the rigidity and distension of the body of both male 
and female so that it cannot perform the undulatory movements 
of the body by which locomotion in the larval state and in the 
adult male is accomplished. The fact that the cy-t is surrounded 
by the tissues of the plant does not interfere with its independ- 
ent locomotion. 

The cyst} differs morphologically from that of Nematodes like 
Trichina, where the larva becomes encysted in the muscles of its 
host and does not undergo any remarkable change of form in the 
formation of the cyst, the walls of which are formed from extra- 
neous and excreted matter. [It somewhat resembles in its origin 
and earlier stages the earlier staves of certain of the Cestodes like 
Tenia,§ where the embryo after it is located in the tissues of its 
host develops by distension into a vesicular body. Here, how- 
ever, the resemblance ceases, and the walls of the Tunia cyst by 
invagination or evagination produce the head of the worm, or 
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scolex, or in some cases the brood capsules, from which several 





heads are produced. ln Heterodera the” vesicular distension of 
the larva begins after a period of wandering through the tissues 
of its host. Instead of invagination the wall of the male vesicle 
is cast, and retains the eystic form while the worm elongates and 
coils within it. In its “ pupa” condition the male more nearly 
resembles Echinorhynchus, where the embryo after a wandering 
state comes to rest in the tissue of its host, develops a small elon- 
gated larva, which is surrounded by its firm external skin as a 
eyst.* The female vesicle continues to distend until in age its 
body is filled with eggs and young larvee. This condition of 
the female has been termed by somet a “ brood capsule,” but it 
of course bears no morphological semblance to the brood capsules 
of certain Cestoda. I regret that I find it necessary here to call 
attention to some serious errors on the part of some of our 
American investigators, 

One of these errors is that into which Dr. Nealt has fallen in 
his treatment of the life history of this parasite. He speaks of 
the eggs as “cysts.” This may have been due to the fact that 
he regarded the numerous yolk globules in the ovaries as cells, 
for he speaks of the cysts (doc. cit.) which were at first without 
any “epidermis,” being formed by “an agglomeration of cells.” 
What he represents in Plates IX and X, as segmentation of the 
“eysts,” is only a representation of the first stages of segmenta- 


r 
-* 


tion of the eg 


It appears that Professor Scribner made a similar mistake in 
speaking of the “cysts” and “eggs” of the nematode which 
causes the new disease of the LIrish$ potato described by him. 
What he speaks of as the “eysts” are the eee membranes still 


— 


containing the young larve. What he figures as the mature 


worm is a young one, and the round granules which he speaks 
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of as eggs are probably fat globules. I have found potatoes 
here affected with a similar disease while also attacked by 
Heterodera radicicola. I have found the worms representing all 
stages of development. It appears that they do not form cysts 
in the proper sense of the word. Fig. 46, Plate VI, represents 
a mature female of this worm. Ata is a fully developed egg 
yet within the uterus, while 5 represents young ova not fully 
developed. In the body of the worm, as well as in the eggs, 
can be seen the round globules. Figs. 42 and 43 represent eggs; 
43, an egg having undergone fission. Other eggs were observed 
in different stages of development up to the fully formed larva 
represented still within the egg membrane at Fig. 44. Fig. 45 
represents young worms of this species. 

Fig. 47 represents a different species occasionally found aeccom- 
panying these worms, but whether they are parasitic or not I 
have not yet had the time to determine. 

Several of the worms which Dr. Neal has figured do not 
belong to Heterodera. Especially in decaying tissues one is apt 
to find species which are not parasitic. However, wherever they 
were found it is very clear that some belong to other genera than 
the worm in question. For example, his Fig. 2, Plate XIII 
(Joe. cit.), is a mature female of another genus. An egg is rep- 
resented in the uterus near the letter B, and the numerous yolk 
globules he speaks of as a peculiar arrangement of cells. 

COMPARISON WITH HETERODERA SCHACHTIL, SCHMIDT.— 

There are many points of very close resemblance between 
Heterodeva radicicola and Heterodera Schachtii. Both of these 
are European species, and each is known to attack widely differ- 
ent plants, so that the selection of a particular plant or family 
of plants as a specifie peculiarity is not their habit. Notwith- 
standing the points of resemblance there are a number of differ- 
entiating characters heretofore used, the value of which can only 
be determined after careful study and experimentation, and even 
now some of these are known to be variants possessed by both 
species. The female of Heterodera Schachtii is said to be ecto- 


parasitic, the posterior part of its body being nearly or quite 
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exposed. This results from the larva locating very near the 
surface so that its distended vesicular body breaks the surface 
and becomes exposed. This does not seem to be a character of 
very much value since many of the female cysts of Heterodera 
radicicola are exposed, 

The chief morphological differentiating characters which have 
been employed are as follows: The posterior part of the body 
of the female is rounded iv Heterodera radicicola. In Hetero- 
dera Schachtii* the posterior part of the body of the female 
projects into a short, stout process in which is the vulva. 
According to Strubell (/oe. cit.) the exsertile spear is somewhat 
differently constructed in the females of the two species. I 
have only found one female which possessed the stout péocess 
at the posterior part of the body, One of the most prominent 
differentiating characters used in the ease of the males is the 
presence of the slender tail process in the cyst in Heterodera 
radicicola and its absence in Heterodera Schachtii. Dr. E. L. 
Mark, of the Museum of Comparative Zoology, Cambridge, 
Massachusetts, who, before my copy of Strubell arrived, kindly 
compared for me some copies of my drawings with those of 
Heterodera Schachtii by Strubell, and aided me in the interpre- 
tation of some of the phases of egg segmentation, has made the 
suggestion that possibly the slender tail process in Heterodera 
radicicola may be the result of the retention of the first larval 
skin which is lost in Heterodera Schachtii. After this sugges- 
tion it has occurred to me that the first larval skin (at second 
moult) in those I have observed is cast at the time the larva 
comes to rest preparatory to passing into the cystic stage. In 
such moults I have only observed the skin as it was loosened 
from the anterior part of the body. Strubell says, in the case 
of Heterodera Schachtii (loe. cit., p. 44), that frequently the old 
larval skin remains attached to the hinder part of the larval 


envelope (“cyst”) so that it has the appearance of being pointed. 


——___. 


*Strubell, Untersuchungen uber den Bau und die Entwickelung des Rubennemato- 
den, Heterodera Schachtii, Schmidt. Bibliotheca Zoologica, Heft 11, 1888. 

Muller, C. Mittheilungen uber unseren Kulturpflanzen schadliche, das Geschlecht 
en rodera bildenden Wurmer. Landwirthschaftliche Jahrbucher. Bd. XIII, Heft I, 
88 
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He is also inclined to think that the grounds for considering the 
two species distinct are questionable. In a foot-note, p. 11, 
he states that he is strengthened in his belief by the recent 
researches of Ritzema Bos in Wageningen (Biolog. Centralblatt, 
Bd. VII), who finds that such species as Tylenchus devastatriz, 
allii, Havensteinii et Askenasyi must be united into a single spe- 
cies. 

That these two species of Heterodera are identical has been 
suggested by others.* 

During my study of [Helerodera radicicola I have been strongly 
inclined to consider it identical with Heterodera Schachtii since 
many of the variations of the two species tend to reconcile the 
above-mentioned differences. However, since my copy of Stru- 
bell’s work has arrived and I have had an opportunity to com- 
pare it carefully with my own researches I find there exists a 
difference in the structure of the males of very great morpho- 
logical importance. Strubel] states that the genital apparatus of 
the male is an unpaired tube,} the single tube occupies the ven- 
tral side of the body cavity for half its length, the posterior end 
unites with a short efferent duct which itself unites with the 
intestine to form the cloaca. As I have stated in a former para- 
graph the genital apparatus in the males I have studied is paired, 
the two tubes unite near the posterior end of the body to form 
the efferent duct. It is difficult to see how Strubell could have 
overlouked a second tube, if it existed, since his work was done 
under the wgis of Leuckart. This character possessed by com- 
paratively a few nematodes seems of too great importance for 
specific variation, To re-assure myself I referred again to my 
microscopic mounts of the male.  Miiller’s (/oe. cit.) imperfect 
study of the male leaves us no clue as to the structure of the 
genital apparatus in Heterodera radicicola, Until the European 
species is studied it will be impossible to say whether mine is a 


distinet species. 


Sorauer, Pflanzenkrankheiten, Zweite Auflage, Erster Band. Foot-note, pp. 854, 855, 
** Bei unseren Heterodera prasentiert sich derselbe als ein einfacher Schlauch,” ete., 
» his Fig lat 
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My Figs. 21, 23, 25 and 26, Plate IV, represent a male which 
differed from Heterodera radicicola mainly in the presence of a 
short curved caudal process represented at a, Fig. 26. At first 
I thought this might possibly be a different species from [Tetero- 
dera radicicola, but as I only found one specimen I have con- 
cluded it may possibly be an accidental variation. 

All of the males which I have studied were found in potatoes. 
My impressions are that the species in all the different galls 
found here are identical. More than this at the present time 
could not be said. As this report is only preliminary, and it has 
been impossible for me during the very short period of my obser- 
vations to find and carefully study the males, where we must 
probably look for the most satisfactory specific characters, in the 
different galls, l hope to continue these investigations during the 
coming year. This will also afford me an opportunity to study 
more fully some structural features necessarily passed over in the 
present work. 

DistRiBUTION OF HETERODERA.—The genus Feterodera is 
world-wide in its distribution. It has been long known in cen- 
tral Europe, where Heterodera Schachtii was discovered by 
Schacht* in 1859 and named by Schmidt} in 1871. Heterodera 
radicicola was first recorded in 1872 and named as Anguillula 
radicicola by Greef,{ and transferred to this genus by Miiller$ in 
1884. It has been found in Java in the roots of sugar-cane by 
Treub,|| who named the species JTeterodera Javanica, the char- 
acters being based on some differences in size of the females from 
Heterodera radicicola. Beijerinck§ doubts if it is distinet from 
Heterodera radicicola. 





*Ueber einige Feinde der Rubenfelder. Zeitsehrft, d. Ver. d. Rubenzueckerindus 
trie. Bd. IX, 8. 175—179, 1859 

tUeber den Ruben-Nematoden (Heterodera Schachtii A. 8.) Zeitsehr. d. Ver. f. d 
Rubenzuckerindustrie im Zollverein. Bd. XXI, 8. 1-19, 1871. (Both cited by Muller, 
Mittheilungen uber unseren Kulturpflanzen schadliche Wurmet 

tSitzungshericht. d. Marburger Gesel!schaft z. Beford. d. Naturwiss. S. 169, 1872. (Cited 
by Muller, Mittheilungen, ete 

2Mittheilungen uber unseren Kulturpflansen schadliche, das Geschlecht Heterodera 
bildenden Wurme) Landwirthschattliche Jahrbueher, Bd. XIII, Heft I, 1884 

Quelques mots sur les effets du parasitisme de l’ Heterodera Javanica dans les racines 
de la canne a suere Ann. d. Jardin bot Buitenzorg, Vol. VI, Part I, pp. 93-06, 


Leide, Iss. Abstract in Bot. Centralblatt, Bd. XX VILL, p. 269, 1886 


“The Gardenir-root disease. Gard’s. Chron. ser. III, Vol. I, pp. 488, 489, 1887. Abstract 
in Bot. Centralblatt, Bd. XX XV, p. 92, 1888. 
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It was known in Brazil in the year 1878* in the roots of the 
coffee tree, and has since been studied and published under the 
generic name Meloidogyne by Golbi.t Leuckart is of the opin- 
ion that this is a speceies of Heterodera (see foot-note in Central- 
blatt fiir Bakteriologie und Parasitenkunde, Bd. V, p. 840, 
1889). It is also known in Scctland, according to W. G, 
Smith.t 
Dr. Neal§ states that it eannot survive the cold of severe win- 
ters in America north of about the January isotherm of 50° as 
shown in the No. 2 Isothermal Lines of the U.S. Signal Service, 
1881. I do not know that any experiments have been conducted 
to demonstrate this. If it can survive the winters in Seotland it 
can endure the winters of all our Gulf and South Atlantic States. 
The January isotherm of 50° strikes the Atlantic coast just below 
Savannah, includes the south-eastern corner of Georgia, the very 
southern limits of Alabama, and a corner of Louisiana. The 
isotherm of the same month and year which passes near this place 
is 45°. It starts above Charleston, cuts Georgia through the 
centre and passes a little south of Montgomery. The isotherm 
of 40° starts near the boundary corner of Virginia and North 
Carolina, passes north of Atlanta, and includes the major part 
of Alabama, Mississippi, Louisiana and Texas. The average 
temperature of Edinburgh, Scotland, during the month of Janu- 
ary is about 39°, so that we might fully expect the root-gall 
nematode, if once introduced, to thrive as far north as the Jan- 
uary isotherm of 35°, or even farther. This isothermal line 
starts in at the coast north of Norfolk and runs through middle 
Tennessee. Indeed, I am inclined to think if a favorable oppor- 
“Sur une maladia du Cafeier Observee au Bresil. Compt. rend. hebd. acad. se. Paris, 


Is7x, T, LAXXVII, No. 24,8. 941-943. Abstract in Bot. Jahresbericht (rust), p. 173, 1878. 
tia do cafeeiro do Rio de Janeiro. Bd. VIII, Arehivos do 













atorio sobre a mol 
» nacional do Rio de Janeiro 
gische Miscellen aus Brasilien, VII. Der Kaffeenematode Brasiliens, Meloidogyne 
rua G. Zoolog. Jahrbucher, abth. f. System., Geogr. u. Biol. d. Thiere, Bd. IV, Hft. l, 





267, Jena, 1889 
tract in Centralblatt far Bakteriologie und Parasitenkunde, Bd. V, pp. 839-840, 
se of Oats—Heterodera radicicola, Muller, Gardeners’ Chronicle, New Ser., Vol. 
172, 188% Abstract in Bot. Centralblatt, Bd. XX XI, p. 247, 1878 
gThe Root-knot Disease of the Peach, Orange, and other Plants in Florida, due to the 


work of Anguillala, Bulletin No. 20, Division of Entomology, U. 8S. Dept. Agr., Washing- 
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tunity should occur for its introduction into our States even so 
far north as New York and Ohio that from its habit it might 
easily pass the winter in sufficient numbers to become a terrible 
pest. On long rooted plants like the parsnip I have found them 
in great numbers fifteen inches below the surface of the ground. 
On tomato roots, which were placed in the svil very deep to get 
them if possible out of the way of the attacks of the worms, I 
have found them so low as eighteen inches below the surface. 
This depth would protect them from the frost in the very severe 
winters of some of our Northern States. 

There is to some extent a natural barrier to the spread of the 
root-gall nematode from the Southern to the Northern States, 
which is explained by the fact that very few, if any, perennials 
grown in the South are transported North for cultivation. How- 
ever, the subject is of sufficient importance to the Northern 
States to justify an inquiry into the possibility of its being suc- 
cessfully carried through the winter under the conditions I have 
stated. 

VI. 
STRUCTURAL CHARACTERISTICS OF THE DISEASED ROOTS. 


NOMENCLATURE.—The abnormal growths on the roots caused 
by Heterodera radicicola have long been termed popularly, in 
this country, “root-knot.” In Scotland they are known as 
““root-ill,” “thick-root,” “tulip-root,” “segging”; while in 
Germany they have long been known under the name “ Wur- 
zelgallen.” The tubercular swellings on the roots of leguminous 
plants (see comparison of root-galls with the tubercles of the 
Leguminosee at close of this section) have long been known and 
published in Germany as “ Wurzelknéllchen ” (root-knot). In 
order to avoid a confusion of the tubercle with the abnormal 
growths dealt with here I shall use the term nematode root-gall, 
or root-gall. There is a tendency with some writers to use the 
term “gall” only for those abnormal growths which have their 


‘Smith, W.G. Disease of Oats—Heterodera radicicola, Muller, Gardeners’ Chron., 
New Ser., Vol. XXVI, p. 172, 1886. Abstract in Bot. Centralblatt, Bd. XX XI, p. 247, 1887. 
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origin through the irritating presence of animals.* These nem- f 
atode root-galls would belong to the same class of abnormal t 
growths sometimes denominated Helminthocecidien. The writer \ 
does not mean by the use of the term root-gall that it has prior- é 
ity to the use of the term root-knot, but in view of the appro- 
priateness of the word, teratologically, and for the reason stated 
above, he would recommend its adoption. | 
EXTERNAL CHARACTERS.—For the purpose of preparing the i 
reader for a study of the life history and transformations of the 
parasite, section IT was introduced, in which attention was called { 
to the general external morphological characters of the galls ina 
few plants. It is now in order to discuss more at length the ( 
variations in form of the galls, and then to point out the special ( 
histological changes induced. | 
The external form of the gall is to a great extent dependent ( 
upon the number of worms and their distribution in the tissues 
of the roots, as well as upon some specific peculiarities in the 
growth of the roots or habit of branching. If the worms are | 
numerous and the attack is made pretty regularly in a peripheral | 
plane at a particular point in the root the gall will be symmet- 
rical, and either short and ovoid or elongate and_ fusiform, ( 
according to the extent of their distribution along the axis of ( 
the root at that point. If fewer worms attack at a given point | 
the gall is more likely to be lateral, owing to the less certainty | 
of an even peripheral infection. Often, however, lateral galls 
may be so near as to unite into one, when the appearance is that 
of a very irregular and knotty gall, the enlargements passing by : 


abrubt changes on different sides of the root. 

For the forms of the galls in the roots of the tomato, potato 
and peach the reader is referred to Section II. 

The galls found in the “poke-weed” (Phytolacca decandra) 
were very large, lateral and ovoid. In a species of the plant 
called cotfee weed (Cassia obtusifolia) lateral galls were found on 


the tap root near the surface of the ground. On the grape the 


*Sorauer, Ptlanzenkrankheiten, Zweite Auflage, Heft, I[ 
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fibrous roots usually possessed small ovoid lateral galls, while 
the galls on the larger roots were irregularly fusiform and not 
very prominent. The galls on the cow pea (Dolichos catiang) 
are quite peculiar. They are usually irregularly pyriform and 
mostly lateral, with the larger end of the gall below. When a 
root is attacked it appears in many cases to die just below the 
point of attack so that the gall is abrupt at this end while there 
is an opportunity for the worms to distribute themselves in a 
diminishing ratio a short distance above the gall, which makes 
the sloping narrowed portion of the pyriform body. The size 
and irregularity of the larger end of the gall is inereased by 
one or more lateral roots, which develop very near the lower end 
of the gall, and coutinue the direction of growth of the main 
root which died. This in turn may be attacked, develop a gall, 
die below the gall and produce a branch, and so on, successively, 
until several pyriform galls are formed on successive branches, 
appearing like a string of pyriform beads, the string of which 
runs obliquely through them. In badly infected specimens this 
is more marked and presents a very singular appearance. The 
galls on bird’s foot clover (Lotus corniculatus) are short and 
ovoid, or more usually, by the very close proximity of several, 
elongated and very irregular in outline. This irregularity is 
increased by the numerous small rootlets put out by the diseased 
root, into the bases of which worms distribute themselves and 
form small convex elevations on the larger gall. 

In the roots of Amarantus retroflecus the worms were quite 
abundant, but the galls were not prominent. On the larger 
roots they were irregularly fusiform, slightly twisted, and while 
in some cases one-half inch, one inch or more in length, the 
diameter of the root was not greatly increased. In places the 
surface possessed small brownist. or dirty white pustules, in 
which were cysts located very near or quite in the surface of the 
gall, while in the same gall other cysts were imbedded in the 
central cylinder. 

It is unnecessary to detail further in this preliminary report 


the forms of the galls on the other diseased plants. Enough 
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has been said to show that great variation prevails and to give 
the typical forms about which all may be easily grouped. A 
list of the diseased plants which have thus far been found in 
this section will be given in Section VIII, while a comparison 
of the disease with some other characters and diseases of plants, 
with which it might be confounded upon external examination, 
will be made after the discussion of the microscopic details of 
the diseased tissues. 

HisToLoGiIcAL CHARACTERS (See also references below*).— 
The worms locate preparatory to passing into the cystic state at 
various depths in the tissues of the root. They are not confined 
to any particular tissue element or system, but locate in the vas- 
cular tissue of the central evlinder, the cambium, parenchyma, 
or even in the bark, so that the body of the mature female eyst 
is frequently only protected by a thin layer of the dead peripheral 
tissue or sometimes is even expcsed. They seem to flourish bet- 
ter, however, in or near the softer tissues of the root. It is a 
very common thing to find dead undeveloped female cysts, the 
majority of which I have always found in the woody tissue of 
the central cylinder. Possibly surrounded as they are by the 
harder, more compact tissue there is less certainty of the male 
reaching them for fertilization. This, however, is only a sug- 
gestion. I have not demonstrated it. All of the tissue elements 
in the diseased roots undergo hypertrophy, while some of them 
are subject to special changes in form as well as direction of 
growth. 

The parenchyma cells which normally have their tangential 
diameter greater than the radial are so changed that the radial 
diameter is the greater. This change in form of the parenchyma 


cells seems to obtain in nearly all of the parenchyma in the gall 


*Goodale, Physiological Botany, Vol. IL, Gray's Botanical Text-books 

Van Tieghem, Traite de Botanique, Deuxieme Edition, Fascicule 

Muller, Mittheilungen uber die unseren Kulturpflanzen schadliche, das Geschlecht 
Heterodera bildenden Wurmer, Landwirthschaftliche Jahrbucher, Bd XII, Heft, I, 
Iss4 


Jahresbericht fur Wiss. Bot. (Just), 1876, p. 1235. 
Idem, IS77, pp. 516-517 

Idem, 1878, p. 174 

Idem, 1878, p. 169 

Sorauer, Phanzenkrankheiten, Zweite Auflage, Vol. I 
Frank, Krankheiten der Pflanzen, and others. 
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whether very near a cyst or distant from it. The increase in 


number of the wood and vascular cells of the central cylinder 





























takes place though the cyst may not be located in or very near 
it. In such eases the fibres and ducts have their normal longi- 
tudinal direction. But if a cyst is located in or very near the 
central evlinder the ducts are turned in their direction of growth 
perpendicular tu the axis of the root, bent around the cyst and 
then converge on the peripheral side, when, left without any 
controlling influence over their direction of growth, they often 
perform very curious evolutions through the parenchymatous 
tissue in all directions. 

A glance at Figs. 29 and 30, Plate V, will show at once a 
great difference in the arrangement of the tissue elements and the 
form of the cells of diseased roots compared with the same in a 
healthy root. These figures represent sections of roots of the 
cotton plant. Fig. 29 is from a section through a gall on a 
small lateral root, while Fig. 30 is from a healthy lateral root of 
the same size as the non-infected portions of the root from which 
Fig. 29 was taken. Both are drawn to the same scale and the 
natural size of the lateral root from which Fig. 29 was made is 
| represented in Fig. 31. In the healthy lateral root (Fig. 30) it 

will be noticed that the differentiation of the woody tissue, which 
contains the large tracheal vessels, with the parenchyma is not 
so marked as in most roots so that the stellate appearance is not 
well represented. One of the most marked of the deformities 
is the displacement of the liber fascicles. In Fig. 30 they are 
shown in normal position at e. In Fig. 29 only one group is in 
what would be the normal position if the root were not diseased 
and of its normal size; this group is shown at ¢, Fig. 29; e’, e’, 
e,e’, represent displaced groups; that is, in the rapid and abnor- 
mal increase of wood cells from the central cylinder they have 
been pushed far out of their normal position, while cells of the 
parenchyma on the one side and wood cells on the other have 


’ represents one group not displaced 


grown around the group e; e’ 
but turned to grow in a tangential and radial direction, while 
, . . 

e’’’ represents one group not only displaced, but turned also in a 
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tangential direction; ¢ represents cells of vascular tissue which 
are turned in a tangential direction around the cavity of a eyst 
which is just below and was removed in making the section; d 
also represents cells of vascular tissue turned out of their normal 
course by the near presence of a cyst. At @ isa eyst located in 
the edge of the vascular tissue of the central cylinder bordering 
on parenchymatous tissue; behind the cyst the cells of the vas- 
cular tissue are turned tangentially, and this part of the bundle 
reaches over outside of the parenchymatous tissue bordering the 
liber fascicle e. The parenchyma cells between the cyst and the 
liber fascicle e are elongated radially instead of having their tan- 
gential diameter the longer. 

In Plate VI, Figs. 36 and 37 represent the structural charae- 
ter of the galls on tomato roots. The cysts a and 6 are seated 
in the parenchyma, the cells of which have long radial diame- 
ters and converge around the cyst. The parenchyma cells in 
this section, in a peripheral plane, are longer radially than tan- 
gentially. At ¢ is represented a dead eyst, probably not impreg- 
nated, which lies in the woody tissue of the central cylinder. 
The pitted ducts can be seen to lie radially or perpendicular 
to the axis, turned from their normal longitudinal direction. 
jchind the cyst by turning in a tangential direction they con- 
verge from either side and meet. . 

lig. 37 represents a section through a mature cyst lying in the 
vascular tissue: the cavity of the cyst at a is filled with eggs and 
young larve. At bare represented the vascular cells, which lie in 
a normal direction, cut transversely. On either radial side the 
ducts curve around, closely following the contour of the sides of 
the cavity. At ¢, the Guter tangential side of the eyst cavity, the 
ducts from both sides and from below converge and meet. 

ig. 36 represents a section from a moderately sized young 
yall. In older ones, where the cysts are numerous, there is often 
presented an intricate maze of these pitted ducts coursing in all 
directions, 

In potato tubers the parenchyma cells are elongated so that 


their lounger diameter is perpendicular to the surface at that point 
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(see Fig. 38, Plate VI). When the potatoes remain in the ground 
for some time, or have been infested for some time during their 
growing condition, large warty growths are sometimes formed, 
as represented in the upper right-hand figure in Plate I. Again 
the tubers which have lain in the ground after maturity and 
sprouted (“volunteers”) being badly infested, the young sprouts 
are attacked and¢large galls produced on them close to the sur- 
face of the tuber. In these cases pitted ducts are developed to 
a very great extent and a large majority of the mature female 
eysts are surrounded by an intricate net-work of these ducts. In 
making sections of such galls many of these cysts are cut through, 
and by removing the remains of the cyst there is the appearance 
of a beautiful microscopic basket woven from the ducts and 
imbedded in the looser parenchymatous tissue near by. In the 
galls of the peach root, beside the special structural derangements 
which could be classed under the head of the foregoing charac- 
ters, there appears in many of the nearly mature or old female 
cysts a secondary growth of pseudoparenchymatous tissue from 
the inner periphery of the cavity, which in some cases nearly 
fills the cavity with tender, loosely compacted cells, so that the 
eyst is often deformed by the pressure of these ingrowing cells, 
and iu very old ones the larve lie in different places in the tissue. 
It requires in some cases very careful search to find a female cyst 
which can be removed and recognized as the female of Heterodera. 

COMPARISON OF THE EXTERNAL APPEARANCE OF THE 
Root-GALL DISEASE OF THE Poratro with “ PoTatTo ScaB.”— 
In some of the peculiarities of the disease in the potato tubers 
caused by Heterodera radicicola there is a striking resemblance, 
especially in the earlier stages, to the effects of the disease called 
“potato scab” and attributed by Brunchorst* to the action of a 
parasitic organisin of very simple structure which he calls Spon- 
gospora Solani, and considers to be closely allied to the organism 


called hy W oroninty Plasmodiophora Brassica, which CuUses the 


breitete Krankheit der Kartottelknollen. In Bergens Museums 


1. KE. Humphrey, Mass. State Exp. Station, 6th Annual Report 





tPringsheim’s Jahrbucher fur wissenchaftliche Botanik, Vol. X1, p. 548 
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disease of cabbages and turnips vulgarly known as ‘“elub-foot.” 
The surface of a healthy potato is quite smooth with here and 
there minute rounded elevations which are usually of a little 
lighter color than the ground color of the surface and slightly 
roughened or granular. These are known as the “ lenticels,” 
the cork cells of which being loose and rounded have many inter- 
cellular spaces and permit an easy interchange of gases between 
the cells of the potato and the outside. It is supposed that the 
potato scab disease begins in the vicinity of these lenticels. An 
increase in the tissue of the potato takes place here, so that a 
low convex elevation is formed, the surface of which becomes 
“scurfy” by the pealing off of the outer coats. From this the 
tissues break down and decay sets in, and unless the disease is 
arrested the whole surface of the potato is affected. It appears 
that the larvee of Heterodera radicicola mainly attack a potato in 
the vicinity of these lenticels, for the first external sign of the 
presence of the parasite is the enlargement of these lenticels 
until elevations of considerable size are formed, which are scurfy 
on the surface. Finally the elevation cracks, decay sets in and 
in many cases the external appearance strongly resembles a 
“seabby” potato. Usually, however, when the disease is arrested 
the tissues being softened gradually shrivel and the potato has a 
wrinkled and shriveled appearance which I never saw in a potato 
affected by what is called the “seab.” Usually also the roots 
will present the irregularly fusiform or ovoid galls. For the 
purpose of comparing “scabby” potatoes with those infested by 
the Heterodera requests were made of several gentlemen in Ala- 
bama and in some of the Northern States for “ scabby ” potatoes 
from their respective sections. Specimens were received from 
Peter Collier,* Director of the New York Agr. Exp. Station at 
Geneva, N. Y.; from Prof. E. S. Goff, Horticulturist of the 
Wisconsin Agr. Ex. Station at Madison, Wis.; from Mr, Clar- 
ence M. Weed, Entomologist of the Ohio Agr. Exp. Station at 
Columbus, Ohio; from Mr. Wilson Newman, Assistant Director 


*The author wishes to express his obligation to these gentlemen for their kindness. 
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of the Canebrake Station, Uniontown, Ala., and from Prof. T. 
M. Watlington, Abbeville, Ala. 

From the last named place the specimens received were very 
badly infested with the Heterodera radicicola, and with a few of 
the nematodes which cause the disease described by Prof. Scrib- 
ner.* I did not find the Heterodera present in the potatoes from 
any of the other localities. When the potatoes remain in the 
ground for a long time the fissures in the elevations become so 
deep and in some places the corky growths are so large and 
prominent as to be easily distinguished from the appearance of 
“seab” in any of the potatoes the writer has seen. In Plate I 
the upper left-hand figure represents the very early stages of the 
disease caused by Heterodera radicicola, while the upper right- 
hand figure represents one which has long been infected. 

CoMPARISON OF RooT-GALLS WITH “CLUB-FOOT” OF CAB- 
BpaGE.—It will be of great interest to compare the diseased con- 
dition of the cabbage roots caused by Heterodera radicicola with 
the disease of the roots vulgarly known as “elub-foot” of cab- 
bage, since in many respects the external characters are very 
similar, while the two diseases are caused by very widely differ- 
ent organisms. The one which causes root-gall, Heterodera radi- 
cicola, is, when compared with organisms of a lower grade, an 
animal of quite a complex and high organization, The one which 
causes club-foot” is one of the slime moulds, a plant of the 
very lowest organization, called by Woronin,+ who first discov- 
ered it to be the cause, Plasmodiophora Brassice. This para- 
site, when in its mature state, consists of numerous very minute 
rounded bits of protoplasm, each independent and protected by 
a thin covering or wall. These remain in a resting condition 
through the winter in the diseased roots or in the soil. In the 
spring by decay of the roots these spores are freed. Under 
proper conditions of temperature and moisture they absorb water 
until the wall eracks and the bit of protoplasm is set free as a 
swarm cell; that is, a microscopic bit of plastic protoplasm with 


*Bulletin Agr. Exp. Station, Tenn., Vol. II, No. 2, 1886. 
tPringsheim’s Jahrbucher fur wissenschaftliche Botanik, Vol. XI, p. 548. 
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a very slender cilium or hair-like process. After a time it loses 
this cilium and then the plastic bit of protoplasm moves slowly 






about in the damp soil by a streaming movement in various direc- 





tions. It is capable of streaming out in such very fine threads 






as to enter the roots of the cabbage along with watery solutions 





of nutriment. Once within the root it locates in a cell and com- 





mences to appropriate the living matter of the root to itself. In 





this way it grows in size, still remaining a very plastic body of 






simple protoplasm. Thousands of these enter the roots of a 






single cabbage. Not only do they appropriate to themselves the 






living matter of the root, but they cause the root of the cabbage 






to produce an increased number of cells, so that oval or fusiform 






enlargements are formed. The cells of the root in which these 






parasitic masses of protoplasm are seated increase greatly in size 





















compared with those which do not contain the parasite. The 
plasmodium, for so this mass of protoplasm is called, is yellow- 
ish in color. Late in the season it divides up into countless 
minute bits of protoplasm, each of which secretes a protective 
wall about itself, and its life cycle is completed. The diseased 
abbages become sickly, turn yellowish and either die or do not 
head. 

Now in external appearance these enlargements of the roots, 
which are called “club-foot,” very much resemble the enlarge- 
ments called root-galls, which are produced by the nematode. 
Unless one was pretty certain of the locality from which the dis- 
eased specimens came and knew the history of the disease in that 
locality it would be venturesome to undertake to say whether it 
was root-gall or “club-foot” until after a microscopic exami- 
nation of the parasite or of the structural characteristics of the 
diseased root. 

I have some very fine specimens of “club-foot” before me 
which I obtained from Eastern North Carolina nearly a year 
ago. Having been placed in strong alcohol the enlargements 
are a little wrinkled and shriveled. But so closely do they 





resemble, especially in a fresh condition, the root-galls that when 









[ collected specimens of cabbages here this autumn with enlarge- 
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ments on the roots I expected to find Plasmodiophora Bassice, 
until after I had made the microscopic examination and found 
the eause to be a worm. Perhaps the enlargements of “ club- 
fyot,” before they begin to crack, are a little more even in con- 
tour than those of root-galls, and in the specimens I have seen 
those of “club-foot” are larger, especially on the tap root, where 
very large lateral growths are formed. But if we take a thin 
transverse section of an enlarged root of each and compare them 
all resemblance vanishes. In a cross section of “club-foot” the 
first thing to attract attention is the great number of yellowish 
plasmodia, or else the spore masses within large cells, distributed 
all through the tissues. If the section is from an enlargement 
of a lateral root, unless very large, there will be little else to 
attract the attention when compared with a healthy root, unless 
it be a slight enlargement of some of the other cells. The gen- 
eral character of the root structure is but little changed The 
tracheal tissue of the axis evlinder, but little attacked, is arranged 
in the same stellate form which we find it in a healthy root. 
The ducts, even when immediately in contact with cells contain- 
ing plasmodia, are not turned from their longitudinal direction, 
or if se, only slightly. The cells are not elongated and curved 
around the enlarged cells containing the plasmodium, but resem- 
ble the normal arrangement of small cells around a large one. 
Nor is the radial diameter of the parenchymatous cells propor- 
tionately increased, but if the cells are enlarged it is usually a 
proportionate or nearly symmetrical enlargement. In this sec- 
tion from the reot-gall here and there is a cyst, or the amorphic 
remains of one containing eggs and larvee. The color is not so 
yellowish as that of the plasmodia nor are the cysts so numerous. 
Indeed the most striking feature in the appearance of the cross 
section is the twisted, curved and distorted condition of the cells, 
especially of the tracheal vessels. In some places these are beau- 
tifully wreathed about a eyst, and by their side run very much 
elongated parenchyma cells, while in another place a labyrinth 
of vessels is woven with the parenchymatous tissue, giving to the 


section as a whole, viewed with the compound microscope, the 
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appearance in miniature of a heavy field of grain after a driving 
storm, when the stalks of grain are twirled in all directions and 
matted in inconceivable ways. 

When very large lateral “clubs” are formed, as on the tap root, 
the tracheal tissue is turned in an outward direction and curved 
in various ways. But even then it is confined to more or less 
recognizable bundles, is rarely sharply curved, and never is 
wreathed around the plasmodia as around the cyst in the root- 
gall. 

COMPARISON OF THE Root-GALLS WITH THE “ TUBERCLES” 
OR “WURZELKNOLLCHEN” OF LEGUMINOUS PLANTS.—To 
remove all possibility of a confusion of the root-galls with the 
tubercles (or Wurzelknéllehen) of the Leguminosece, which has 
probably sometimes occurred, this comparison is introduced. 

These tubercles, which recent experiments* seem to show play 
an important role in the acquisition of atmospheric nitrogen by 
leguminous plants, are irregularly oval enlargements of the 
roots, from the size of a pin-head to a large pea, or sometimes 
elongate or clavate and very much branched and convoluted. The 
root-galls will usually not be mistaken for the tubercles by one 
familiar with these bodies. The tubercles are formed only on 
the very youngest roots, so that they are connected with the root 
from which the diseased one branch by a very slender attach- 
ment. Sometimes, however, the attachment is very stout. Usu- 
ally the surface of the tubercle, though it may be greatly con- 
voluted or lobulated, is smoother and does not present the scurfy 
or cracked appearance so common, especially in age, on the surface 
of the root-galls. The root-galls may occur on proportionately 
large roots, and in a majority of cases the attack is made some 
distance from the end of the root, so that the root continues to 


grow beyond the gall and several galls may be found on the same 


*Atwater, W. O. Atmospheric Nitrogen as Plant Food, Bulletin No. 5, Storrs’ School 


Exp. Station Conn., Oct., 1889 

iolet, M. Experiences Nouvelles sur la fixation de l'azote par certaines Terres 
tales et par certaines plantes. Ann. de chim. et de Phys. 6me serie, T. XVI, Avril, 
lriegel und Wilfarth, Unterschungen uber die Stickstoffnaahrung der Gramineen 





eguminosen. Beilagehaft z. d. Zeitsch. d. Ver. f. d. Rubenzucker-Ind d. D. R. Ber- 
lin, 1888 


Abstract in Bot. Centralblatt, Bd. XX XIX, pp. 138—143, 1889 
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root in succession. The root also continues to enlarge so that few 
of the galls are attached by such slender pedicles as the attachments 
are in the case of tubereles I have seen. Sinee the tubereles 
vary greatly on the roots of different species* there are probably 
cases in which it would be difficult, from an external examina- 
tion, to say whether the enlargements were root-galls or “tuber- 


cles.” The structural characters are, however, so very different 


that it will not be out of place here to note briefly the chief 


structural characters of the tubercles and give a short resume of 


the leading opinions regarding their function. 

Very different views have been entertained from time to time 
as to the nature and significance of these tubercular swellings. 
The interior of these tubercles is composed of a loose parenchym- 
atous tissue. In the younger parts of this tissue all observers 
agree as to the presence of strands or threads of a very plastic 
nature, With no cross partitions, which course between and through 
the cells, often sending short flask-like branches into the cells 
These possessing a resemblance to the strands of plasmodia or 
threads of certain fungi, were so regarded by Ericksson,+ Kny,t 
Frank,§ Lundstrém.|| In the older parenchymatous tissue all 
agree in observing in the plasmic contents of the cells bacteria-like 
hodies of variously branched forms, forked, or Y and X forms. 
These were regarded by Woronin§ and others as bacteria. Brun- 
chorst** believed the tubercles (Knéllchen) were normal struct- 
ures, and that the bodies which Woronin and others assumed 
to be bacteria were formed by a differentiation of the plasmic, 
protein contents of the cells into these forms, since they were 


found to be very rich in protein matter, and not accepting them 





Sorauer. Pflanzenkrankheiten. Zweite Auflage 

Studien ofver Leguminosernas rotknolar, Lund, 18 S81, 1874 ited 
by Soraur Pilanzenkrankheiten, Zweite Autlage, E id by Fra 
Krankheiten der Pflanzen, Zweite Halfte, p. 650, 1881. 

itzungsber. d. bot. Ver. d. Prov. Brandenburg, 28 April, IS78; cited by Sorauer 

¢Krankheiten der Pflanzen (I. e.). 

Ueber Mykodomatien in den Wurzel der Papilionaceen. Bot. Centralblatt, Bd 
XXXII, pp. 159, 160 and 185—188, 1888 

*Mem. Acad. imp. de Sciene. d. St. Petersbourg, X, 1866. Cited in Sorauer, Pflanzen- 
Krankheiten (1, ¢.) 

ber die Knollehen an den Leguminosenwurzein. Bericht. d. Deutschen bot 
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as bacteria he called them “ bakteroids.” He regarded the “ bak- 
teroids ” as reserve material which at fruiting time was absorbed 
by the plant. Supporters of this view were found in Schindler,* 
Tschirch} and others. Many observers have noticed in these 
plasmic “ strands” or fungal hyphe (hyphenpilzen) minute red- 
like bodies very closely resembling bacteria. These were first 
called bacteria by Beijerink,{ who regarded the plasmic strands 
in which they were found as the remains of nuclear division in 
the cells of the tubercle. Ward§ regarded these “strands” or 
“hyphe” with their contained rod-like bodies as fungi in some 
respects resembling the smuts, or Ustilvginee. Vuillemin|| also 
believed the tubercles to be caused by a fungus, but classed it 
with the Chytridiacew, with affinities for the genus Cladochy- 
trium, and he named it Cl. tubereulosum. He claims to have 
studied the sporangia and zodspores. Prazmowski§, first con- 
sidered the tubercles to be caused by a parasitic fungus in some 
stages resembling Plasmodiophora Brassice, Wor., but after later 
researches}|{} he comes to the conclusion that the organisms ip 
question are bacteria. 

One of the most interesting of recent views, and that held by 
Prazmowski, Ward, Vuillemin (é. ¢.) and others, supported also 
by the best experimental evidence, is that certain microorgan- 
isms, either fungi of a very simple organization or bacteria, by 
an endoparasitism produced the abnormal growthe, and for a 


time live at the expense of the host plant, but being locked 








Ueber die biologisehe Bedeutung der Warzelknollchen bei den Papilionaceen. Jour. 
f. Landwirth. Henneberg, XX XIII, pp. 325—336 
\bstract in Bot. Centralblatt, Bd. XXVII, pp. 108, 109, 1886. 
tBeitrage zur Kenntniss der Wurzelknollehen der Papilionaceen. Bericht. ad. Deut 
hen bot. Gesellschaft, Bd. V, I8s7. Cited by Sorauer, Bot. Centralblatt, Bd. XXXI, p. 
{Die Papilionaceenknollchen, Bot. Zeit., p. 726, 1888. Abstract in Bot. Centralblatt, Bd. 
XXXVIII, No. 1, pp. 458, 459, Iss9 
20n the tubercular swellings on the roots of Vicia Faba. Philosophical transactions, 
R So L lon, Vol. 178, B, py 39—562, 1887 Abstract in Bot. Centralblatt, Bd. 
XXXIV, p. 305, I8ss 
Les tubercles radicaux des Legumineuses Ann. des. Se. agron. franc. et etrang 9, 
p. 06, 18S Abstract in Bot. Centraiblatt, Bd. XL, pp. 125—125, 1889 
“Ueber die Wurzelknollechen der Leguminosen, Bot. Centralblatt, Bd. XXXVI, pp. 
21 219, 248—2Z 2801—2Z85. 1SSS 
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wen der k.k Akademie der Wissen-chaften in Krakau, Juni, 1889. Das Wesen 
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within the peculiar structure of the tubercle dissolution of their 
bodies takes place, followed by an absorption of their protein 
contents by the plant, so that not only nearly all of the substance 
which the plant yielded to the parasitic organism is thus finally 
restored, but in addition a more costly element, atmospheric 
nitregen, which the organisms have assimilated and prepared 
for their host. 

The chemical and physiological researches of Hellriegel and 
Wilfarth,* Berthollet} and Atwatert show that the plants with 
tubercles on their roots grown in a soil with very little nitrog- 
enous substance gain more nitrogen than the soil contains, but 
when grown in a sterilized soil no such gain is made. The experi- 
mental researches of Prazmowski (/oc. cit.) were directed to the 
biological nature of the parasitic organism as well as to proving 
that they were the specific cause of the tubercles. The plants 
experimented with were peas, but he draws the inference that 
the rest of the “ Papilionaceen” are not essentially different in 
the character of their tubercles. 

In brief, the results of his later researches§ are as follows: 
The root-knots (Wurzelknollchen) of peas are not normal struct - 
ures, for in sterilized media, protected from accidental infection, 
they are never formed, but they always result from infection. 

The infecting knot-organisms are bacteria identical with them 
in form and characters. The bacteria were taken from young 
knots and inereased through many generations by culture in 
nutrient media, The causal connection between the bacteria thus 
isolated and the root-knots was proven by a long series of careful 
experiments wherein infection was produced through the inocu- 
lation of cultivated plants with bacteria, originally taken directly 


from the knots, and cultivated through many generations. The 


a 
‘Untersuchungen uber die Stickstoffvahrung der Gramineen und Leguminosen 
Beilagehatt ra. Zeitseh. d. Ver. f. d. Rubenzneker-Ind. d. D. R. Berlin, D8ss Abstract 
in bot. Centralblatt, Bd. XX XIX, pp. 188—143, 1x80 
‘Experiences Nouvelles sur la fixation de azote par certaines Terres vegetale et par 
taines plantes. Ann. de Chim. et de phys. 6 me. serie, T. NVI, Avril, 1889 
tAtmospheric Nitrogen as Plant Food. Bull. No. 5, Storrs’ School Exp. Sta. Conn., 
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formation of the knots occurs only on the youngest roots and 
their branches. 

The knot-bacteria make their way through young cell-mem- 
branes into the root-hairs and epidermal celis of the root and 
multiply there at the expense of the plasmic contents of the cells, 
After the bacteria have increased to considerable extent in the 
root-hair they unite near the point into grape-like clusters of 
colonies which lie very close together, beeome enveloped in a 
tough, glistening membrane by means of which they are united 
with the cell membrane of the root-hair. There arises now near 
the point of the root-hair, on the inside of its wall, a glistening 
knob-like projection, Around this bacteria knob curls the end 
of the root-hair in the form of a shepherd’s crook, or of a screw. 
Out of this enveloping screw at the base of the root-hair grows the 
bacteria-knob as a hypha-like or thead-like tube, which is sur- 
rounded by a glistening membrane and filled with bacteria. From 
this time on until the formation of the knot and the differentia- 
tion of its tissue the bacteria-tube resembles a real non- septate 
fungus filament; it grows at the apex and produces branches. 

After growing out of the enveloping root-hair the bacteria- 
tube enters the epidermis of the root, pierces the rind and grows 
sumetimes so deep as the endodermis of the central cylinder. In 
its growth and branching it passes between the cells, splitting the 
membrane between two cells and crowding the two lamellie apart, 
forming more or Jess prominent distended places in the tube, the 
outside of which is bounded by the two lamellze and the inside 
filled with bacteria. The bacteria-tubes also send short branches 
through the cell membranes into the cells which grow towards 
the nucleus were formerly considered to be haustoria, and in 
unstained preparations are very difficult to distinguish from the 
cell contents. These Beijerinck* took to be the remains of 
nuclear division. In the early stages of the development of the 
knot no bacteria are found free in the contents of the cells; they 
are all enclosed in the bacteria-tube. 


*Die Papilionaccenknollchen, Bot. Zeit., p. 726, 1888. Abstract in Bot. Centralblatt, Bd. 
XXXVIII, pp. 458, 459, 1889 
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In consequence of the presence of the bacteria-tube in the deep 
layers of the rind the cells lying near begin to increase in num- 
ber by division, slowly at first, but soon in rapid succession. At 
the sime time the bacteria-tube grows into this newly formed 
tissue and branches profusely. Following this division of cells 
there arises at this point a meristematic or growing tissue which 
through rapid increase becomes of considerable size, in which now 
the characteristic tissue of the knot is differentiated. In the midst 
of this meristematic tissue there arises a parenchymatous tissue, 
of large cells, into which the bacteria-tube grows and branches 
profusely in all directions, Later, through the dissolution of the 
tube the bacteria are set free in the parenchymatous tissue, which 
now becomes the so-called “ bacteroid tissue.” The outside of the 
knot is differentiated into the rind, a few layers of cells with 
little plasmic contents disposed radially, the outside layer of which 
becomes corky. Between the bacteroid tissue and the rind is a 
zone of small-celled tissue capable of division and growth and 
free from bacteria, the meristem or growing point of the knot. 
On the inner periphery of the meristem a zone of fibrovascular 
bundles is formed, which originates as branches from the central 
cylinder of the root. Between the fibrovascular zone and the 
bacteroid tissue a layer of starch containing cells exists. As the 
knot or tubercle enlarges the meristematic zone by growth 
advances in a peripheral plane. The peripheral part of the 
parenchymatous or bacteroid tissue also continues to advance by 
growth, and the peripheral part being younger contains the bac- 
teria-tubes with their rod-like bacteria contents, and these bacte- 
ria-tubes continue to grow and follow up the advancing periphe- 
ral portion of newly formed parenchymatous tissue, while behind 
follows up the process of dissolution of the membrane of the 
tube and the liberation of the bacteria into the plasmic contents 
of the cells making the bacteroid tissue. 

From several series of experiments conducted with every pre- 
cautionary measure he reaches the conclusive proof that by means 
of infection with knot-bacteria the plants (peas) even when 
grown in a soil deprived of all nutriment and providing for the 
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exclusion of all other organisms, could provide the necessary 
nutriment from the store of nitrogen in the atmosphere. But 
whether from nitrogen in combination, or, as Hellriegel (2. ¢.) 
claims, from the elementary nitrogen of the atmosphere, the 
researches have not yet been carried far enough to say. 

If bacteria taken out of the knots in peas are cultivated in 
suitable nutrient media they increase for an unlimited time by 
fission, retaining a rod-like form. In the knots under the influ- 
ence of the plant they increase in the same way and possess the 
same form until the time when dissolution of the membrane of 
the bacteria-tube takes place and they are set free in the bacteroid 
tissue. In the plasmic contents of the cells of the bacteroid tis- 
sue they increase for a time, but change their form and branch in 
a forked manner forming X and Y forms. At last their bodies 
become hyaline and dissolution takes place. The plant begins 
to empty the older cells of the bacteroid tissue by appropriation 
of their contents for its own use. The time when this absorp- 
tion of the contents of the bacteroid tissue begins and the energy 
with which it proceeds bears a distinct relation to the amount of 
nitrogenous matter in the soi] at the command of the plant. 
When the soil is well supplied with it the knots grow to consid- 
erable size, the bacteroid tissue is filled with bacteria and_bacte- 
ria-tubes and presents a flesh-red color, and remains in this con- 
dition until the maturity of the plant. The dissolution of the 
bacteroids and the emptying of the bacteroid tissue proceeds very 
slowly and irregularly. On the other hand, when there is a 
searcity of nitrogenous matter in the soil at the command of the 
plant the dissolution of the bacteroids and the emptying of the 
bacteroid tissue begins early and proceeds rapidly while the baete- 
roid tissue has a greenish color. 

In both cases the emptying begins in the oldest part of the 
bacteroid tissue and advances towards the meristematic zone. 
Even in the oldest part of the bacteroid tissue remain numerous 
living bacteria and tubes containing bacteria, which, with those 
in the peripheral zone of the parenchymatous tissue escape into 
the ground upon the decay of the knot and there increase and 


perpetuate the infectious character of the soil. 


























ELISHA MITCHELL SCIENTIFIC SOCIETY. 123 





In knots partly eaten by insects, which is quite common, the 
masses of bacteroids become surrounded anew by a membrane 
and the baeteria-tube thus formed by sprouting divides into 
successively smaller colonies surrounded by membranes, which 
Prazmowski first took to be a kind of spore formation when the 
real nature of the organisms were unknown to him. 

The structure of the knot is adapted to favor the symbiotic 
relation which exists between the host plant and its parasite. 
The corky layer of the rind prevents not only the ingress of 
foreign organisms, but prevents the escape of the bacteroids, 
while the fibrovascular tissue which surrounds the bacteroid tis- 
sue provides the channel of communication between the plant 
and the contents of the knot. The plant being the master 
imprisons the bacteroids within the tissues of the knot, for a 
time nourishes them with the material which is the product of 
carbon assimilation in the leaf and the willing bacteroid slave 
assimilates atmospheric nitrogen producing protein matter, when 
finally the plant completely overpowers them, dissolves their 
bodies and carries off their protein contents for its own use. 

VII. 
TREATMENT. 

The following discussion of the treatment of the root-gall 
nematode is mainly suggestive, and anything farther must be 
preceded by careful experimentation. 

DirFicuLTY OF REMEDIAL APPLICATIONS TO PLANTS 
ALREADY Diseasep.—It is evident from the endoparasitic 
habit of the worms that direct applications of vermicides to 
the roots will not destroy them without fatally injuring the 
plants themselves. When the worms first enter the tissues 
of the roots they are so minute that no channel is left large 
enough for the entrance of any poisonous fumes which 
might be applied in the soil. Also the hypertrophy of the 
tissue of the roots incident upon the presence of the parasites 


would effectually close up any aperture made. Dr. Neal,* 


_____ 





*Bulletin 20, U. S. Dept. Agr. Division of Entomology. 
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in some experiments conducted by him under the direction 
of Dr. Riley, has shown that the application of bisulphide of 
carbon, kerosene emulsion and various arsenical solutions, in 
quantities sufficient for the destruction of the worms, was gener- 
ally fatal to the plants themselves, while the use of alkaline 
fertilizers, like hard-wood ashes, muriate and sulphate of potash, 
kainite, ete., produced a hard growth less susceptible to attack. 
STERILIZATION OF THE Som BY StARVATION.—The cheap- 
est and probably at the same time the most effectual mode of 
sterilizing the soil will be to starve out the worms by a rotating 
system applied to the selection of fields or plats of ground upon 
which are grown only such plants as are positively known to be 
insusceptible to attack. A real difficulty arises even here, for 
so many plants in widely different families are known to be sus- 
ceptible to the disease, and plants that are absolutely insuscepti- 
ble can in some cases only be determined after a series of trials, 
Dr. Neal reports (/oc. cit.) that according to his experience Ama- 
rantus spinosus is the “most dreaded and destructive agent in 
the spread of the root-knot.” In this section, even in the imme- 
diate neighborhood of other plants badly diseased, I have found 
this species free, so far as examined, while Amarantus retroflecus 
growing side by side with it is diseased. Similar cases in the 
habit of a related species of Heterodera (11. Schachtii Schmidt) 
are reported from Europe. This species is very destructive to 
sugar-beets and many other plants. Among a number of plants 
which were supposed to be insusceptible was barley.* Upon a 
piece of land very badly infected by the “ Riibennematode” bar- 
ley was sown for three years successively. The first two years 
no injury was noticed, but in the third year the crop was destroyed 
a short time before harvest by severe attacks of the worms. Dr. 
Neal (/oc. cit.) also speaks of the Japan Clover (Lespedeza striata) 
as a substitute for the cow-pea (Dolichos catiang) as a forage 
plant and fertilizer. In this vicinity Lespedeza striata ranks as 
one of the species slightly affected, while “ bird’s-foot clover” 
(Lotus corniculatus) is very badly affected. It is evident that 


*Quoted from Sorauer, Pflanzenkrankheiten, Zweite Auflage, Vol. II, p. 853. 
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thorough investigations must be made to determine the useful 
plants which are very nearly or quite insusceptible to the attacks 
of the worms. By growing such crops upon selected ground 
for a period of a few years, exercising at the same time great 
caution in not allowing any weeds or grasses, which may be sus- 
ceptible, to grow, the area selected could be sterilized. Now by 
taking up successively different areas and treating them in the 
same manner a persevering farmer could practically rid his land 
of the worms. So far as observed here buckwheat and alfalfa 
are among the insusceptible plants which could be experimented 
with. 

RoraTion OF Crops.—Here we find oceasion again to empha- 
size the oft-repeated necessity of a judicious rotation of crops, 
but with special reference to a wise alternation of insusceptible 
with susceptible plants. It is evident that if we start with a 
sterilized soil and grow for one year an annual which is liable to 
the disease there is little danger of infection of the ground. If 
the following year this is followed up by the cultivation of 
another nearly or quite free from attack the soil will with greater 
safety bear another crop of the plant grown the previous year. 

CLEAN CULTIVATION.—The absence of clean cultivation is 
one of the most fruitful sources of the thorough impregnation of 
the soil with the worms. It was, of course, impossible to make 
an application of this principle to the enemy in question before 
that enemy was known, and especially before the time required 
for its complete development from the egg had been determined. 
Now that these facts are known, and since we know many of the 
plants subject to the disease, it is to be lioped this method will 
be employed by those desirous of subduing the worms. Not 
only should an effort be made to prevent the growth on arable 
land of all plants growing wild which are liable to serious infee- 
tion, but so soon as a crop has been gathered, or it is found that 
the crop will not be worth gathering, from any cultivated plant 
liable to serious infection the farther growth of the plants should 
be stopped, or, what is better, the roots of the plants should be 
gathered and burned when possible. In gardens this would not 


1] 





126 JOURNAL OF THE 


be a serious task compared with the benefit to be derived. I 
have noticed cabbage-, tomatoes and potatoes, all which are seri- 
ously susceptible to the disease, growing in an abandoned condi- 
tion for two months in the latter part of the season, all the while 
providing for the rapid development and multiplication of the 
parasites. During this time two successive generations of the 
worms are developed. Each female egg would, on the average, 
making no allowance for fatalities, produce in the first generation 
200 voung. Allowing 50 per cent. of these for males there would 
be 100 to start the second generation for every one at the begin- 
ning of the first. These would, then, on the basis of a similar 
computation produce 20,000 young, or 10,000 females to be the 
producers of the third generation. Then during the time of the 
abandoned growth of these diseased plants every productive para- 
site has produced 10,000 productive parasites. 

TREATMENT OF PERENNIALS.—The greatest care should be 
exercised in the cultivation of perennials like the grape, peach, 
fig, ete. The young plants should be obtained from sources 
where it is known they have been grown in non-infected soil. 
The orchard or grapery should be selected and by a system of 
cultivation of insusceptible plants be rendered sterile by starving 
out the worms. Then the practice of cultivating either for forage 
or asa fertilizer plants liable to the disease in the orchard should 
be discontinued. Where orchards or graperies are so seriously 


injured as to interfere with the productiveness of the trees or 


vines they might be preserved for a few years while the orchard 


is renewed in soil freed from the worms, when they should be 


destroyed. 

The peach-trees and grape-vines which I have examined in 
the vicinity of Auburn, while slightly affected do not appear yet 
to suffer any serious consequences. Young tree and seedlings 
are more seriously affected. The most badly diseased grape cut- 
tings I have seen were those grown very near diseased cabbages 
and tomatoes. Care should also be used in the cultivation of 


seed potatoes which are not infected. 
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TrapPInG THE Worms.—In Germany cultivators of the 
sugar-beet have resorted, with a degree of success, to trapping 
the worms of a related species (47. Schachtii)* from badly infected 
svils by the cultivation of plants very susceptible to the disease, 
and then gathering the roots before the worms are fully developed 
and destroying them. Such plants they call “catch plants” 
(“ Fangpflanzen ”’). 

Com posts. —If rvots are ever used in the making of composts 
great caution should be used, since there is danger of infecting 
soil hitherto free from the worms by fertilizing such land with 
compost material containing diseased roots. Kiihnt has shown 
that such infection does take place in the case of a related species, 
Heterodera Schachtii Schmidt, and also states that the material 
may be rendered innocuous by placing unslacked lime in layers 
with the infected refuse of plants which may be used in compost. 


For distributions, see close of, Section V. 
VIII. 
PLANTS AFFECTED. 


The following list of plants affected with the nematode root- 
galls is by no means complete. It comprises only such as with 
limited time I have been able to determine thus far in the vicin- 
ity of Auburn. From the foregoing study and comparison of 
the root-galls with externally similar teratological root growths 
it will be seen that two essential characters must be determined 
before in all cases we can say the abnormal growth is a nema- 
tude rvot-gall: a microscopic examination to detect the presence 
of the worm and the histological changes accompanying its par- 
asitism. Both of these tests have been applied in making up 


this partial list. Those marked with a * are badly affected : 





*Sorauer, Pflanzenkrankheiten, Vol. LI, p. 854. 
tDie Ruben Nematode. Zeitschrift des landwirthschaftlichen Central-Vereins der 
Provinz Sachsen, No. 12, pp. 332—335, 1870. 7 
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Amygdalus Persica (peach). 

Ficus Carica (fig). 

Vitis vinifera (grape, several varieties). 
*Solanum tuberosum (potato). 

Solanum esculentum (egg plant). 
*Lycopersicum esculentum (tomato). 
Physalis sp. 

*Abutilon sp. 

Gossypiam herbaceum (cotton). 
Hibiscus esculentus (okra). 

Sida spinosa. 

Modiola multifida. 

Cassia obtusifolia (coffee weed). 
*Dolichos catiang (cow pea). 

Phaseolus. 

Lespedeza striata (Japan clover). 
*Lotus corniculatust (bird’s-foot clover). 
Melilotus alba. 

Ipomcea tamnifolia. 

Ipomcea lacunosa. 

Clematis sp. 

Phytolacca decandra. 
*Helianthus annuus (sunflower). 
*Citrullus vulgaris (water-melon). 
*Cucumis melo (*‘ nutmeg melon,” “‘ citron ’’), 
Beta vulgaris (beet). 

Amarantus retroflexus (spineless careless weed) 


Chenopodium Anthelminticum (worm seed). 


Zea mays (corn). 
*Brassica oleracea (cabbage). 

Brassica Rapa (turnip). 

*Brassica campestris rutabaga (rutabaga). 
Marrubium vulgare (horehound). 
*Pastinaca sativa (parsnip). 

Lactuea sativa (lettuce). 

*Tragopogon porrifolius (salsify). 


tDetermined by Dr. G. W. Vasey 
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EXPLANATION OF PLATES. 


[All the Plates are original, and except the first two, which are from photo- 
graphs, were drawn by the author from nature. In Plates IV, V and VI all the 


figures are magnified except 31 and 32. | 

PLATE I. Irtsu Potatoes (Solanum tuberosum).—The cracks in the large 
potato (seed potato) result from the increased growth of cells at the points where 
the Heterodera exists. The upper left-hand figure is a small young potato taken 
from this same plant, the elevations and projections caused by presence of the 
Heterodera. The enlargements on the roots of the potato are the galls. (Natural 
size, from photograph). 

PLATE II. Tomato root showing root-galls two-thirds (natural size, from pho- 
tograph). 

PLATE III. Parsnip and Salsify, showing root-galls, natural size. 

PLATE IV. Development and transformation of Heterodera radicicola (Greef). 
Miill. 

Figs. 1—9, different stages in segmentation of mature eggs; 10, invagination 
at anterior pole; 11, young embryo of the length of the egg, beginning to elon- 
gate and coil inside of the egg membrane, the caudal end, which is below in the 
figure turning toward the ventral side, the cephalic end, above, granular and 
nearly hyaline; 12, 13, 14, farther elongation of embryo; 15, mature larva coiled 
live times within the egg membrane. 

Fig. 16. Larva coming from egg membrane and moulting at same time, the 
partially cast skin can be seen slipped from the head and tail. At the boundary 
between the hyaline and strongly granular portion near the tail end can be seen 
the anal opening. 

Fig. 17. Sexually immature worm, larva: 17x, same, not so greatly magnified 
in one of the various forms sometimes found prior to the cystic state ; 18, 19, 192, 
various degrees of distention of the larva; 20, young female cyst, showing 
ovaries ; 21, male undergoing metamorphosis ; 21x and 22, same with metamor- 
phosis complete, in pupa state; 23, emergence of sexually mature male from 
cyst; 24, front view of head of male showing the position of the Jamelle around 
the spear; 25, anterior end of female, a exsertile spear, 6 anterior part of the 
esophagus ; 26, posterior end of a male (see page 103), a caudal appendage 
(probably an accidental variation), 6 spicules; 21z sexually mature male very 
greatly magnified, showing the paired testes. 

Fig. 27. Mature female cyst, a middle part of cesophagus (suctorial bulb), b 
anterior part of esophagus, ¢ exsertile spear, d vulva, e genital tubes, the anterior 
ends of which form the ovaries. 

Fig. 28. Genital tubes of female cyst with mature eggs still farther enlarged ; 
a vagina; the uterus extends from the vagina a little more than one-third the 
length of the tube, near the middle is the receplaculum seminis, the oviducts and 
ovaries occupy a little more than one-half of the free ends. The small ova are 
very tender and flexible, but by pressure of the mass aré held in a polygonal form 
within the ovaries. If the ovary is broken at a point as at b or ¢ the young ova 
escape and assume a spherical form, and not yet being free cells are held together 
in a beautiful cluster as represented in the figures. As the young ova increase 
in size by growth the pressure causes them to move toward the oviducts, they 
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gradually develop numerous yolk globules which darken their appearance, pass- 
ing through the receptaculum seminis are fertilized, and entering the uterus seg- 
mentation begins, finally the mass of developing eggs in the genital tubes rup- 
tures them and the eggs and embryos are set free within the body of the cyst. 

PLATE V. Structural effects of the disease in roots of cotton and peach. 

Fig. 29. Cross section of gall on lateral root of cotton plant; a, female cyst 
showing ovaries, etc.; b, old female cyst showing eggs and young larve in the 
amorphie remains of the parent; c, deformed vascular tissue by the side of a 
cyst; d, deformed vascular tissue, the tubes turned in a radial and tangential 
direction to the axis of the root; ¢, liber fascicle in nurmal position of healthy 
root: e’, liber fascicle displaced, and, by increased growth of parenchyma and 
vascular tissue, carried far out from normal position ; e”, liber fascicle deformed 
and growing in a radial direction ; e’”, liber fascicle displaced and growing ina 
tangential direction. 

Fig. 30. Cross section of healthy lateral root of cotton plaut magnitied, but in 
proportion with Fig. 29. 

Fig. 31. Galls on lateral root of cotton plant (natural size). 

Fig. 32. Root-gall of peach, natural size, but small specimens. 

Fig. 33. Section through female cyst in root of peach, showing the ultimate 
growth of soft, pseudo-parenchymatous tissue which sometimes eutirely fills the 
cavity before the larve have all escaped; a, amorphic remains of female cyst, 
showing eggs and part of genital tubes; 0, original outline of cyst; c, hypertro- 
phied tissue from surface of cavity of cyst. 

PLATE VI. Female cysts and structural effects of the disease in roots of the 
tomato, and the tubers of the potato (excepting Figs. 42—47). All magnified. 

Fig. 34. Mature female cyst ; a, exsertile spear; b, middle part of esophagus; 
c, ovary ; d, eggs escaped from the uterus. 

Fig. 35. Mature female cyst of a different form. 

Fig. 36. Cross section of diseased root of tomato; a and b, female cysts; ¢, 
dead cysts which probably failed to be fertilized. 

Fig. 37. Section still more magnified ; a, cyst cavity of female showing eggs 
and larve in amorphic remains of the parent ; b, normal vascular tissue iu cross 
section ; c, deformed vascular tissue turned in a radial and tangential direction 
around the cyst. 

Fig. 38. Section of outer portion of potato tuber showing a, female cyst exter- 
nal with head end only in the tissues ; 6, radial elongation of cells. 

Fig. 39. Sexually immature larve making its way through cells of the potato 
tuber. 

Fig. 40. Section of outer portion of potato; a, young cyst ix situ; b, cork cells 
of lenticel (the section was through the side of a lenticel). 

Fig. 41. Section of outer portion of potato tuber where decay of the tissues 
has begun; a, female cyts in situ; b, cyst cavity containing amorphic remains of 
parent, and young larve and eggs. 

Fig. 42. Egg of 46; 43, cell division of same in process of development; 44, 
young larva in egg membrane ; 45, young larva after hatching ; 46, mature gravid 
female ; a, mature egg; 6, young ovum (Figs. 42—46 illustrate the egg, larvaand 
mature female of the nematode, which produces the disease of the [rish potato 
characterized by Prof. Scribner) 

Fig. 47. Mature female of « different genus fouad sometimes associated with 
the former. 
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EXPLANATION OF PLATE. 


Fic. I.—Aerial portion of a tube of Atypus niger Hentz(?), attached by its 
upper extremity to bark of pine tree—side view; a, remains of devoured insects 
adhering to the outside of the tube. 

Fig. I1.—Front view of the same tube, showing mode of attachment by brushes 
of silk, 0b; a, insect remains. 

Fig. I11.—Subterranean portion of tube, showing that its walls are not adherent 
as a “lining’’ to the walis of the excavation; a, root of the supporting tree. 
Diagrammatic. 

Fig. IN \erial portion of a tube supported by a small persimmon shrub; a, 
insect remains; 0b, attaching brushes of silk; c, silk threads enveloping the 
twig. 

Fic. V.—Diagrammatic representation of the spider’s fangs thrust through the 


} 


tube wall and grasping a fascicle of pine leaves. 
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A TUBE-BUILDING SPIDER. 





NOTES ON THE ARCHITECTURAL AND FEEDING HABITS OF ATYPUS 
NIGER HENTZ (?). 





W. L. POTEAT. 

Quite unaccountably American naturalists have taken com- 
paratively little interest in spiders. Of all this neglected group 
the Atypinz appear to have been most slighted. In our limited 
arachnological literature, so far as it has met my eye, when they 
are mentioned at all, it is with conspicuous brevity and often 
with a confession of doubt, if not of ignorance. Hentz himself, 
in his “Spiders of the United States,”* says: “The manner in 
which the spiders belonging to Mygale and Oletera [Syn. Aty- 
pus] live, hidden under ground, and probably issuing out only 
at night, prevents our becoming acquainted with their habits.” 
Of Atypus in particular he says: “ The habits of the animals of 
this subgenus are but little known.” He seems to have erected 
the species which bears his name from observation of a single 
male individual. He probably never saw the tube of the female. 
Professor Emerton, in a private letter, says that they are rare, if 
they occur at all, north of Virginia. In his admirable little 
treatise on spiders} he says that a part of the tube of Atypus 
forms the lining of a hole in the ground, and part lies above the 
surface among stones and plants, and that the mouth of the tube 
is almost always closed, at least when the spider is full grown. 
Professor Comstock, of Cornell, quoting Mr. N. Banks, one of 
his assistants, writes me: “Their food is believed to be earth- 
worms. The tubes appear to be closed at both ends.” And 
Professor Geo. F. Atkinson, of Alabama, who has probably given 
more attention to the Territelarixe than any other student in this 
country, says{ that he has never seen Atypus or its nest, but 

*Oceas. Papers Bost. Soc. Nat. Hist., Vol. 4, pp. 18, 19. 


tSpiders, Their Structure and Habits, p. 44. 
tEntom. Amer., Vol. 2, p. 116, note. 
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expresses himself inclined to believe that “the presence of a 


door or covering for the entrance to its nest, instead of being 
wanting, has been overlooked,” and that in form of nest and in 
food habit it is very similar to his new genus Nidivalvata, which 
opens its folding trap-doors at night to watch for its prey and 
closes them in the morning. 

European arachnologists are somewhat fuller and more definite 
in their statements. Ausserer reckons in the family Atypinze 





Thorel! three genera,—Pelecodon Dol., Calommata Lueas, and 
Atypus Latr., and of Atypus six species. Touching the build- 
ing habit of the family, he remarks* that they live in tubular 
webs under stones, in crevices in walls, or below the earth, the 
males wandering about. The nest of the genus Atypus he de- 
scribes (p. 128) as destitute of a lid and simply tubular, and con- 
tinues: “The part of the silk tube projecting out of the earth 
extends in protected places, under stones, etc., horizontally on the 
ground just a little way; its opening is not enlarged.” Of A. 
piceus Sulz. (found in central Germany, Claus) Leunist says 
that the females dig in the earth, mostly on sunny hill-sides, 
tubes which they line with silk and in which the lenticular 
eggsacks are fastened. Of the same species (A. Sulzeri Latr. 
and A. piceus Sulz. are synonyms) Latreillet says: ‘ This spe- 
cies excavates a cylindrical gallery in sloping grounds cov- 
ered with grass; in this gallery, seven or eight inches in length, 
horizontal at first and then inclined, it weaves a tube of silk 
of the same form and dimensions. The cocoon is fastened 
with silk by both ends to the bottom of the gallery.” The 
late Rev. J. G. Wood§ makes about the same statement respect- 
ing the gallery, and adds: “The upper part of the tube is rather 
larger than the lower, and projects from the earth, falling for- 
ward so as to form a flap, which protects the mouth of the bur- 
row.” | infer that Rev. O. P. Cambridge alludes to Atypus 


when he says® that “at other times” the tubes of the Territe- 
Beitrage zur Kenntniss der Territelarive, p. 15. 
fSynopsis der Zoologie, Vol. 2, p. 586 (Hanover, 1886), 


+Cuvier’s An. King., Vol. 3, p..178 (N. Y., 1831). 
#Homes Without Hands, p. 131. 
€Eney Brit., Vol. 2, p. 295 (9th Ed.). 
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larize are “closed by the falling over of a portion of the tube 


which protudes from the surface of the ground.” 

My own introduction to Atypus was largely accidental. On 
the 19th of July, 1886, in a small body of pine wood within 
the corporation limits of the village of Wake Forest, N. C., my 
attention was caught by a silk tube at the foot of a small pine 
tree. Being well covered with minute bits of bark, leaves, ete. 
it had nearly the appearance of the bark of the tree to which its 
upper end was attached, and, consequently, it was quite ineon- 
spicuous. Its greatest diameter—at the ground—was about 2 
em., and it showed above ground some 15 em. The next day it 
was observed that the upper extremity had become detached from 
the tree and the whole aérial portion lay prostrate on the ground. 
The subterranean portion was 2 or 3 em. long. At the lower 
end were the exuvize of the spider. The day following I pressed 
the spider out of the tube as it lay on the table.* For some 
time she walked about rather aimlessly, but finally coming upon 
the tube apparently by aceident, she extended and raised her 
powerful fangs and with one stroke ripped a longitudinal slit 
and worked herself into it. The tube with the spider inside 
was put into a glass jar containing a little earth and dead pine 
leaves. The surface of the latter was not high enough to sup- 
port the tube in a vertical position throughout its entire length, 
so that nearly half of it lay collapsed and wrinkled on the top 
of the leaves. The next morning the spider had lengthened the 
tube about 3 em. upward from the point where it was bent from 
the vertical, and the addition had been made in such a way that 
it was smoothly continuous with the old portion below through 
arent. Its upper end was attached to the glass. The old por- 
tion that lay horizontal on the leaves no longer communicated 
with the remodelled tube, though it remained attached to the 
outside of it. Two days later the tube had grown 6 cm. longer, 


tapering toward the upper end, very thin, and closed. 


*Mr. N. Banks, assistant of Prof. Comstock, has determined the species as Atypus 
niger Hentz, but I am at present unable to feel quite satisfied that the determination 1s 
correct, seeing how meagre is the description which Hentz gives. The settlement of the 


question must be deferred until I have opportunity to compare the spider with other 
descriptions 
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A house-fly with one wing removed was put into the jar. 
Soon after it touched the tube the spider appeared above the 
opaque portion of it, and, moving up only as the fly moved, she 
was soon separated from it by only the delicate wall of silk. 
Before I was aware she had made a hole in the wall and was 
drawing the flyin. She sank out of sight with her prey. Fif- 
teen minutes later the rent through which the fly had been 
drawn was repaired. 

After an absence of three weeks I found that my prisoner, 
left in the care of my wife, had further lengthened her tube and 
fastened its upper end to the small porcelain dish used to cover 
the jar. What is perhaps more interesting, she had attached to 
the outer wall of the new portion particles of trash, which made 
it less conspicuous. The refuse parts of flies fed to her in the 
meantime were found on the outside of the tube near its upper 
end. She was herself outside the tube on the leaves early in 
the day. When disturbed she raised her fangs with a show of 
fight. She seemed, however, to have become dissatisfied with 
her nest (because its situation supplied no moisture?*) and she 
did not care to retreat into it, but crawled up the side of the jar 
with its aid. With her fangs she struck a large fly placed near 
her, but did not care to eat it. After some hours she was in the 
tube again, but five days later she was found among the pine 
leaves dead.+ My notes on my first Atypus close with this 
melancholy entry: “Alcoholic specimen, No. 17.” 

I have given the history of this specimen in captivity with so 
much of detail because every part of it, except the last, agrees 
with habits which I have since observed in natural conditions. 
That was the only specimen which I have seen outside of her 
tube of her own accord. 

A number of other tubes were discovered in the same locality 
soon after the first. In the three years now passed I have seen 
in a very restricted area as many as thirty tubes varying from 
the size of a goose-quill to 3 em. in diameter, four-fifths of them 


*Cf. Eneycl. Brit., Vol. 2, p. 298 (9th Ed.). 
Cf. similar ease of Cteniza californica leaving nest before death, E. Blanchard, Pop. 
Sei. Mon., Vol. 33, p. 807. 
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being in a space not more than thirty yards square. The soil is 
a gray loam with red clay subsoil, and has not been cultivated, 
I suppose, in forty years. For a number of years past this bit 
of pine forest has formed part of a pasture for cows. The 
occurrence of the tubes elsewhere has been reported tome. Mr, 
Carey J. Hunter, an intelligent citizen of Raleigh, tells me that 
few objects on his father’s farm near Apex, Wake county, N.C., 
were more familiar to him than these silk tubes. He remem- 
bers them most distinctly as supported by decaying oak stumps 
in cultivated fields. Many persons of whom I have made 
inquiries say that they have not seen them,—a fact which may 
probably be accounted for by the effective mimicry which the 
shrewd builder studies.* 

As to choice of a support for the tube—in the case of this 
species in this locality always present and presumably indispen- 
sable—she is probably limited by what the locality supplies. 
That delightful “rambling naturalist,” Dr. Abbott, says that on 
one vceasion a certain spider selected the end of his nose for the 
attachment of its thread, so long had he remained motionless in 
an intent observation. But Atypus is more reserved and cau- 
tious. With two exceptions, all the tubes I have seen were 
attached by their upper ends to pine trees varying from 3 to 35 
cm. in diameter, Of the two exceptions, one, supported by a 
very small persimmon shrub, is figured in the Plate (Fig. IV); 
the other is supported by a wild rose. 

The process of tube-building I have not observed in the 
natural situation, but it can hardly be widely divergent from 
that which I have observed in captive specimens. It may, there- 
fore, be serviceable to record here the history of a tube made de 
novo in captivity and under conditions more nearly resembling 
the natural than in the case described above. 

At 10 a. m., November 23d, I put a fine specimen, which had 
been taken from the pines the evening before, into a glass jar 


28 em. high, 5 em. in diameter, and containing 14 em. of damp 


*Excepting the upper end, the white silk of the tubes is for the most part concealed 


beneath a loose exterior coating of bits of bark and leaves and small gravels and par- 
ticles of earth That these are collected outside of the tube is evidenced by the exam- 
ple of a large tube which is sparsely clothed with single leaves and tufts of leaves of a 
moss (Atrichum) near a bed of which it stands. Another tube is in its lower portion 
quite green with bits of a lichen (Cladonia) furnished by a neighboring cushion 
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earth. The next morning she had done nothing toward the con- 


struction of a new home, but on the 25th she had made a brave 


beginning. From the surface of the earth there stretched up 


along the glass wall a delicate tube 7 cm. long and 1.8 em. in 
diameter. At 10 a. m. she was offered a fly. She struck it 
through the tube wall with her fangs and seemed to kill it almost 
instantly, but for some reason she withdrew her fangs, letting 
the fly fall to the earth at the side of the tube. Ina few min- 
utes she was passing her long posterior pair of spinnerets here 
and there over the inner wall of the tube, but discontinued it 
after a minute or two. At 9 p. m. a shallow hole had been dug 
in the earth at the bottom of the tube directly beneath its cavity, 
and the excavated dirt had been put out through a rent near the 
upper end of the tube. The fly was nowhere to be seen. The 
next morning (November 26th) at 8 o’clock the excavation had 
been deepened some 3 em. and turned obliquely to the left. 
More earth had been put out through the 
same rent. The spider, head up, was 
resting at the lower extremity of the tube. 
This stage in the construction of the tube 


is represented in the accompanying illus- 





tration (Fig. 1). 
And so the next three nights the tube 





lengthened as the excavation deepened, the 
little dump heap growing proportionately. 
It was now 13 em. long. For some 3 
em. below the middle it had left the glass 
wall, so that in that part of it a film of 
earth separated them; but in the upper 


and lower portions the wall of the jar, Fic. 1.— Beginning ot tube 
: ° —— and excavation of Atypus 
with hardly one continuous coat of silk, niger Hentz (?) in glass jar. a, 
. J . , the tube adhering by a por- 
formed about one-fourth of the wall of tion of its wall throughout its 
ees length to the jar; 4, earth 

the tube. The tube, however, was not a partly filling jar; c, threads 
of silk attaching tube to jar; 

» d, bit of weed stuck into the 
the earth; f£ hillock of excavated 
xeavati a8 ade ‘ePeETVeE ’ earth brought up through 
excavation was made to receive the tube, fa7th Pt doeeed cab a2. 
, ° ‘. > (About 4 naturals Draw 
See the diagram, Fig. LI of the Plate. bythe writen 


In one stretch of 4 cm. the wall of the tube was as much as 5 


lining for the excavation. Evidently 


mm. from the wall of the excavation. 
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It was the 3d of December before any further change was 
observed. At the lower end the tube was then seen to be more 
nearly completed on the front side next the glass, and so much 
of the remaining wall as was visible was closely coated with 


earth. On the 6th the tube had been lengthened at the upper 


end, its growth up to this time having been at the lower end 


only. The addition was about 3 em. in length and was sup- 
ported by threads attached to the jar and the piece of weed 
(Fig. 1). That night at 8 o’clock I went cautiously into the 
room, Moonlight through a window fell on the jar, and one or 
two legs of the spider were seen above the opaque part of the 
tube. On my getting close for better observation, she disap- 
peared below and refused to show herself again during the half 
hour that I waited. She was probably disturbed at her spin- 
ning, for the tube was open above and, though there was little 
or no addition to it since I last noticed it, the disposition of the 
uppermost threads was different. A lighted match held to the 
side of the jar enabled me on looking down the tube to see the 
spider below. The walls, slightly sinuous, were quite smooth 
on the inside. My conclusion that it was open preparatory to 
further extension was in a measure supported by the fact that on 
the following morning there was an upward extension of the 
tube of 5 mm., the end being loosely closed. A little water was 
poured into the jar to moisten the earth. This kindness seems 
to have been well received, for on the morning of the 9th I 
found that the tube had lengthened considerably at both ends. 
The upward extension was 5 em., turning to the left; the down- 
ward, turning gently to the right, was about 5 cm. to the bottom 
of the jar and thence it followed the wall of the jar along the 
bottom a centimeter or two, the excavation without silk con- 
tinuing 3 em. further. The earth removed had been discharged 
through a rent near the upper end rather on the right side and 
fell down the slope of the previous dumpings to the left. There 
was little more excavation after this. Fig. 2 is a sketch of the 


tube at this stage. 
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On the night of the 11th at ten o’clock I found that the 
spider was not alarmed by the lamp held close to the jar. For 


two nights the jar had been in my study 
where a lamp had been burning until late. 
About eleven o’clock she several times 
pushed up a sort of flap at the point 
marked e (Fig. 2) and gathered earth from 
a tunnel pointing toward the end of the 
main excavation. She loosened and raked 
together the earth with her fangs. Hug- 
ging the little mass against the maxille 
with the same useful members, she ascended 
the tube to the level of a rent near its 
upper end, and with her breast against 
the tube wall, raked her load through the 
opening by outward movements of the 
fangs. She sometimes came up_ back- 
wards, but reversed her position before 
discharging her burden. 

At 12:30 a. m. she came up to one of 
the two rents which she had been using in 
this way, ascertained its limits, crawled on 
beyond so as to bring the spinnerets just 


over it, and then closed it. This was fol- 








lowed by considerable “ plastering” up and 
down the tube, accompanied by stretching 
movements interpreted as intended to in- 


crease its calibre. I have observed that 

. ; Phe same tube and 

rents such as those spoken of above stand  exeavation as in Fig. 1 
. A ; 5d , tube coiling at 

wide open, their edges showing no ten-— lower end r eb 
< . 0, original level of 
dency to meet again after the separating "t's ¢, pi age me sen 
rents above; d, 
threads attaching tube to 
jar. About '4 natural size 


unlikely that these stretching movements ‘{jhiwh be the writer, 


force has been withdrawn. It is not 


served to separate the silk threads composing the wall, stop- 
ping short, however, of rending it. New silk added would 


strengthen the points thus weakened, and the tube would re- 
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tain its increased diameter. May it not be that the tube which 
accommodates the young spider is in this way enlarged to 
meet the demands of its subsequent growth?* A little later 
this noiseless, industrious worker came up to repair the other 
rent, which she did indifferently. She was evidently finish- 
ing up her “job,” and so she proceeded to take down her 
“scaffolding.” Here and there the fangs were thrust through the 
wall of the tube and it was pulled inward and loosened from the 
wall of the excavation and from the glass, so that, excepting a 
limited area left adhering to the glass, the tube hung in the exca- 
vation. Inasmuch as the tube was not straight and was for the 
most part of nearly equal size with the excavation, it did not 
dangle, but was in light contact with it at numerous points. 

I do not doubt that the history now given of this tube made 
in captivity is, with trivial variations, the history of the tube in 
its natural environment. The chief features of this history may 
be summarized : 

1. The lower part of the aérial portion of the tube attached 
to the tree fur support is the first to be made. 

2. The excavation in the ground keeps but little in advance 
of the tube manufacture. 

3. The earth from the excavation is brought up through the 
tube and dumped out through a rent near the upper end.+ 

4. The tube is usually placed in a nearly vertical position, 


any considerable departure from the vertical being made to avoid 


an obstacle. 


*The conelusion that the spider spends her life in the same tube is not without war- 
rant. One tube I had under observation for two years. In that period it was twice 
repaired. Having been by some means broken loose from its supporting tree, the fallen 
tube was not lifted to its place again, but was torn open at the bend on the surface of the 
ground and a new portion above ground, continuous with the old below, was built upward 
and fastened to the tree. (Cf. p. 136.) That this had been done twice was clear from the 
occurrence of two old prostrate portions attached to the tube as it stood I cannot say 
certainly that if had increased in diameter. It may be mentioned, further, that while 
digging out a certain tube I discovered at different depths near the lower end two very 
short branches—cut-ofts. The upper seemed worn and older than the lower. In each 
were found exuviwe of the spider, legs and chelicerz. The fangs in the upper cut-off 
were 3mm., in the lower4 mm. So that this spider had dwelt in the same tabe during 

eriod between two successive moults, to which time should be added an indefinite 
after the second. (Cf. Blanchard, Pop. Sei. 

on., Vol. 33, p. 806.) 

tin the natural situation it is usual to see at the side of the tube on the ground a pile 
of earth evidently from below In one such pile I found a gravel whose greatest length 
was 9 mm., and whose greatest width was 6 mm. 

{The subterranean portion of one tube was loosely spiral owing to the presence of two 
roots in its path, one above the other I have seen but one tube whose aerial portion 
attached to the tree was not nearly vertical, and no satisfactory explanation of its excep 
tional position has occurred to me 
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5. The tube is so constructed as to serve as a snare, and not 
merely as the silken lining of a “burrow.” Being mainly sup- 
ported by its upper extremity, its walls, for the most part free, 
readily transmit any mechanical disturbance up or down. See 
Plate, Figs. I and ITI. 

6. The tube is closed above by the convergence of its walls in 
part, aud in part by the simple approximation and adhesion of 
its outer wall to the supporting object. 

7. The threads composing the walls are seen under the micro- 
scope to have a general longitudinal direction,—a fact which 
explains the ease with which longitudinal rents may be made. 

8. Usually the greater part of the tube is above ground.* 

9. The work appears to be done only at night. 


The feeding habits of our spider may now be noticed. Rev. 
O. P. Cambridget refers to E. Simon as authority for the state- 
ment that spiders sometimes prey upon earth-worms. I have 
not access to the journals in which the observations’ were 
reported, nor can I say that the reference is to the particular 
spider that concerns us here. Whether Mr. Banks’ remark, 
quoted early in these notes, rests upon the same authority, or 
upon what authority it rests, ] am not aware. But my own 
observations of Atypus niger Hentz (?) lead me to doubt that its 
“food is earth-worms.” It is not improbable that so succulent a 


. « ® e e 
morsel would be appropriated in case it should come in the way ; 


but it is improbable that the spider goes about to capture earth- 
worms, or that they are its chief reliance for subsistence. No- 
where in the nest have I noticed any feature of adaptation to 
this end. On the contrary, it is evidently constructed for the 
capture of insect food. The evidence is not merely inferential ; 
it is positive as well, for I have looked on at the spider’s feast 
and have seen the fragments that remained. 

The behavior of my first captive specimen when a fly was 
crawling on her tube suggested to me that the disturbance made 


*Measurements of a certain tube: Total length, 38 em. Length of aerial portion, 21 
em. Length of subterranean portion, 17 em. Diameter at surface, 2 em. 
tEneyel. Brit., Vol. 2, p. 298 (9th Ed.). 
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by an insect might be simulated by gently rubbing the tube with 
a tender twig. My’ first experiment in the pines received a 
speedy response. The spider came up by starts, her position in 
the opaque tube being shown by the slight bulging of its walls 
beneath her feet. This became my habitual method of ascer- 
taining whether “my lady” was in. She seems unable to distin- 
guish such disturbance from that caused by an insect. On one 
oceasion I rubbed a tube with a fascicle of dead pine leaves, 
The spider came up and, the fascicle being kept at the same 
point, she thrust her fangs through the wall to grasp it, but 
failed. It was not long before she made another effort, that time 
seizing it firmly with both fangs and sustaining its entire weight 
(the three leaves were 15 em. long) until I blew upon the tube, 
when she instantly let go and hurried below. She held the 
fascicle in the position indicated in the Plate, Fig. V. Her 
eyes can furnish little aid for the reason that the tube is not 
transparent, and the experiment just described suggests that the 
sense of smell is of no service. I conclude her habit is to try 


to catch whatever disturbs her snare in the hope that it will 


prove to be acceptable food, having ascertained its position by 


the sense of touch in her palpi and feet. 

On the morning of August 21st I put a cockroach on a tube. 
The spider was soon up to the same level and, thrusting her 
fangs through the wall, caught one of the insect’s legs. She 
seemed afterwards to hold it with her feet, for the fangs were 
seen striking through here and there in the neighborhood of the 
insect. They finally got a good grip on it. On my return after 
a few minutes I found that the spider had made a longitudinal 
slit 13 mm. long and was drawing the transversely placed cock- 
roach into the tube. She had some difficulty in getting it in. 
Still holding it with her fangs, she pressed the lips of the rent 
out and over it with her feet. She dragged the insect below, 
and for fifteen minutes I saw nothing of her. I went away and 
returned after another fifteen minutes to find the rent repaired so 
perfectly that it could not have been detected by one who did not 


know its position. The same day a cockroach was similarly 
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taken by a spider in another tube. The fangs missed grasping 
it at the first “ pass,” and sounded against the polished segments of 
the abdomen as the finger-nail against silk. 

Another example may be mentioned. On the 17th of the 
following October, after finding out that the tube was inhabited 


by gently stroking it with a pine leaf, I put on it a small field- 


cricket with one jumping leg removed. The spider came up 
and after some manceuvring inside the tube struck at the cricket, 
but it escaped. Another cricket was held on the tube by one of 
its legs. The spider seized it firmly with the fangs. The cricket 
seemed to be instantly paralyzed, for it made no struggle what- 
ever. The hole in the tube was torn, I judge, by the feet, inas- 
much as the fangs retained their grasp on the cricket. This 
longitudinal rent, 13 mm. long, was not repaired after fifteen 
minutes, but was repaired perfectly when I next saw the tube 
several days later. 

I have already described the seizure of a house-fly by my first 
captive specimen. Another captive took a fly into her tube and 
closed the rent before going below with her prize. The spider 
whose tube is sketched in Fig. 2 caught a large blue-bottle Decem- 
ber 16th, presumably in the same way. The fly was put into the 
jar and the jar closed. About three hours after, the fly had dis- 
appeared, and the next morning what remained of it after the 
spider had chewed it to her satisfaction was seen in a little ball 
on the outside of the tube near its upper end. 

In further proof of the character of the food of Atypus, a 
word or two may be added about the leavings of her feasts. It 
is well-nigh invariable to find loosely adherent to the outer wall 
of the tube a little below its upper extremity (see Plate, Figs, I, 
IT, IV, a) the remains of insects. These do not seem to be pur- 
posely attached to the tube, but to be put outside much as exea- 
vated earth is, and accordingly they are often seen on the ground 
at the foot of the tube. Those that adhere to the tube are prob- 
ably caught by the silk fibres on the margin of the rent as they 
pass out. The leavings of a single feast are frequently seen to 


be bound together with silk. One tube, taken November 22d, 
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may be regarded as typical. On it I recognized the remains of 
some neuropter and of two different woolly-bear caterpillars, 
such as hair, bits of chitinous integument, a mandible, joints 
of leg, ete. Elytra of beetles are common. 

Does Atypus leave her tube at night to stalk her prey in the 
open? Iam inclined to think not, though the evidence which 
determines this inclination is for the most part negative and may 
be set aside by further observation. In the first place, she seems 
to be independent of that somewhat unsafe means of a livelihood, 
seeing that her tube is so well contrived and so effective a snare, 
The snare weavers are not usually hunters. Secondly, there is 
no special provision for egress, the tube being closed as described 
above. Such provision is usual with the other burrowing spiders 
that hunt on the outside of their burrows. Again, it will be 
remembered that the feeding experiments reported above were 
made in the day, and we may reasonably infer that under natu- 
ral conditions the spider is not strictly nocturnal in her feeding 
habits. Moreover, my captive specimens have not been seen 
out of their tubes at night.* I have observed them in the fore 
part of the night, also in the early morning while it was yet 
dark. The one I now have rests habitually at night about the 
level of the earth in her jar, sometimes considerably above. On 
the other hand, the occurrence on a certain tube of the remains 
of a slender “thousand-legged worm” (Julus), devoured near 
the first of December, suggests, though it does not prove, that 


the spider left her tube to get it. 


It will be observed that the description of the tube of Atypus 
given in these notes differs from that of Emerton, Wood, Aus- 


serer, and Cambridge, cited above. They represent its aérial por- 


tion as prostrate on the ground, serving only as a means of closing 


the subterranean burrow. I have, indeed, seen tubes in exactly the 


*it ought to be said that Atypus is scrupulously neat, and accordingly the droppings 
of my captive are deposited outside the tube on the glass, and generally at such a dis- 
tance as necessitates her leaving the tube. Additional ones have been observed only in 
the morning. It must be admitted, therefore, that she quits her tube at night at least 
for this purpose, (Cf. note on p. 138.) 
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position which Professor Emerton figures, but they had suffered 


violent severance from their proper supports. It is admitted 
that there is considerable variation in the architectural habit of 
tube-builders. The disagreement of the descriptions may, per- 
haps, be explained, therefore, as due either to specific or to local 
variations in the tubes described. 


Wake Forest Cortiece, N. C., 
DecemMBer 27, 1889. 


RECORDS OF MEETINGS. 


FORTY-SIXTH MEETING. 
SEPTEMBER 17, 1889. 


Prof. J. A. Holmes presided. The following papers were presented: 

18. On Arkose. Prof. Holmes presented a short paper on the origin of 
Arkose deposits, and their distribution in the Triassic, Potomac and Appo- 
mattox formations in North Carolina and Virginia, and in other geological 
formations in different countries. 

19. The Toronto Meeting of the American Association for the Advance- 
ment of Science. Professor Gore gave an outline of the business transacted 
at this meeting. 

20. A Sketch of the Life and Work of Paracelsus. In this paper Dr. Ven- 
able discussed the main events in the career of Paracelsus, defending him from 
much of the abuse of his enemies and the accusations of later days. The 
sketch is to be concluded at the next meeting. 

The Secretary reported many additional exchanges and large accessions to 
the library. 

FORTY-SEVENTH MEETING. 
OcTOBER 8, 1889. 

The Society was called to order by Professor Holmes. 

21. The first paper presented was a continuation of the Sketch of the Life 
and Work of Paracelsus, by Dr. Venable. 

22. On Pastenr’s Work in Connection with Hydrophobia. Mr. V.S. Bryant 
read extracts from letters by Professors Huxley and others, published in 
Science, concerning the great work done by Pasteur in the way of prevention 
and treatment of hydrophobia. 

23. Corrosion and Fouling of Iron Ships. Mr. Gaston Battle gave in this 
paper an abstract of the address of Prof. V. B. Lewes before the Institution 
of Naval Architects. The causes of corrosion and fouling were discussed, and 
the present condition of the question of preventive compositions given. 
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24. Professor Holmes exhibited a number of early maps of the Carolinas, 
with explanations and remarks. 

The Vice-President announced that the Society had lost by death during 
the past year the following members: 

Prof. R. H. Graves, Chapel Hill. 

Eugene Morehead, Esq., Durham. 

Rev. Dr. Charles Phillips, Chapel Hill. 

Benoni Thorp, Raleigh. 

He further stated that arrangements had been made for a biographical 
sketch of Professor Graves by Professor Geo. T. Winston, and also one of Dr. 
Phillips by Col. W. J. Martin. 

In Mr. Morehead the Society had lost a valued and helpful friend, but as 
his life had not been given to scientific pursuits, no sketch would be given in 
the Journal. 

Mr. St. Clair Hester then read a biography of Mr. Thorp, which will be 
printed in the Journal. 

The Society rose in token of respect for the members thus lost by death. 

The Secretary reported one new exchange and seventy-one additional 
pamphlets and books received. 

FORTY-EIGHTH MEETING. 
NOVEMBER 12, 1889. 

The Resident Vice-President, Prof. J. A. Holmes, presided and presented 
the first paper of the evening on 

25. The Conglomerate and Pebble Beds of the Triassic and Potomac For- 
mation in North Carolina. This paper was accompanied by an exhibition of 
numerous specimens from each. The conglomerates near Morrisville and on 
the Neuse River, in Granville county, were described, and it was shown that 
the character and distribution of the materials, the present topographic feat- 
ures of the region and the Raleigh anticline all go to prove that the conglom- 
erates were deposited by rapidly moving currents of water flowing in a 
westerly direction at the time when the region to the east (about Raleigh) was 
much more elevated than now. It was further shown that the Potomac peb- 
ble beds were deposited on the Roanoke River, a few miles above Gaston, at 
a time when tide-water extended up to and covered this region. 

26. The Metal of the Future—Aluminium, was the subject of the next 
paper, presented by Mr. H. L. Miller. In it an account was given of the 


recent improvements in methods of production, the comparative reduction of 


cost, the valuable properties and the possible uses of this metal. It was a 
valuable compilation of facts from the very latest sources. 

27. The Allotropic Forms of Silver. In this paper Mr. J. S. Callison 
recounted some of the experiments and discoveries of Mr. Lea in this interest- 
ing line of research. 

28. Saccharin. Dr. Venable gave a history of the discovery and of the 


manufacture of this body. Its chemical nature and physiological action were 
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discussed and the present position of the various governments of the world 
towards it was mentioned in detail. 

The Secretary reported two new members: 

Prof. W. A. Withers, Raleigh, N. C. 

Prof. C. E. Brewer, Wake Forest, N. C. 

During the past month one hundred and ten books and pamphlets were 
received. 

FORTY-NINTH MEETING. 
DECEMBER 3, 1889. 

The Society was called to order by Prof. Holmes. He announced that Prof. 
Cain would read the first paper of the evening on 

29. Preliminary Location of Railways as Affected by Topography. 

Certain topographical features were first discussed—also crests of water- 
sheds or ridges, gaps and saddles in ridges, streams and branches with their 


rates of fall in flat, hilly, and mountainous countries respectively, which gen- 


erally determine the maximum gradients io use. Low points of ridges as 


“points in the line” were considered, such gaps generally being indicated by 
streams having their heads very near together and flowing in opposite direc- 
tions, or by streams running near each other. Railway locations were then 
divided into ridge lines, generally the cheapest and easiest to maintain, lines 
running along the streams, giving often easy gradients, but with many culverts 
and bridges, lines crossing the general direction of the streams at right angles, 
and lines running oliquely across the streams and corresponding ridges, often 
giving the most expensive lines. Illustrations from the author’s experience 
were given of each character of line and the principles of location. The 
subject of locating railways in the mountains was next given, the subject of 
“making distance” to overcome the great elevations being illustrated by 
locations in Western North Carolina, across the Blue Ridge, in the Rocky 
Mountains, and across the Alps. 

30. The Velocipede Railway was next described by Prof. Gore. 

Some details as to construction and the results of experiments with this new 
style of railway were given and its advantages and disadvantages were com- 
pared with the present double-track road. 

The following papers were read by title: 

31. Addendum to the Minerals and Mineral Localities of North Carolina. 
By W. E. Hidden. (This paper appears in full in this Journal). 

32. Nematode Root-Galls. By Prof. George F. Atkinson. (This paper is 
published in this Journal). 

33. A Tube-building Spider. By Prof. W. L. Poteat. (This paper is pub- 
lished in this Journal). 

The Secretary and Treasurer then presented their reports of those offices 


for the year. These reports are appended. 
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REPORT OF SECRETARY FOR 1889. 


Nine meetings have been held during the year. The number of papers 
read at these meetings is thirty-three. The present number of members is 
ninety-two. The number of honorary members is ten. 


The Society’s exchange library shows most gratifying growth during the 


past year. A large number of regular exchanges have been added to the list, 


so that the total number now is 271. These come from eighteen different 
countries outside of the United States. They are as follows: From the United 
States, 150 exchanges; from Canada, 10; from Great Britain and Ireland, 18; 
from Germany, 34; from Austria, 7; from Belgium, 3; from Brazil, 1; from 
Chili, 1; from Mexico, 3; from the Netherlands, 6; from Italy, 7; from 
France, 8; from Russia, 6; from Switzerland, 10; from Sweden, 3; from 
Luxembourg, 1; from Japan, 1; from Portugal, 1; and from Argentine 
Republic, ie 

The total number of hooks and pamphlets at present in the Society’s library 


is 3,521, and the monthly increase averages one hundred. 


REPORT OF TREASURER FOR 1889. 


Balance on hand January, 1889 

Fees of members for 1889 ............ 

Fees of members for 1890 

Fees of members for 1891 

Fees of associate members for 1889 

Fees of associate members for 1890....... ceanenncminioteds 

Sales of Journals.. 

Contributions .. 

$145 00 
19 68 

1 60 


69 37 


Printing Journal 

Postage 

Freight 

Balance on hand December 3d, 1889..... ...........2.45 - 


$235 65 


VENABLE, 


m 
Treasurer. 
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NECROLOGY. 
RALPH HENRY GRAVES, C. AND M. E. 


Prof. R. H. Graves was born at Hillsboro, April 1, 1851. He received his 
collegiate training at the University of North Carolina and the University of 
Virginia. He was elected to a professorship in the former institution in 1875 
at the age of twenty-four and was connected with it down to the date of his 
early death. His specialty was mathematics, and he contributed many papers 
on this subject to the mathematical journals. He was one of the founders of 
the Mitchell Society, and, as its records show, was an active supporter and 
friend, holding several of the more prominent offices in the Society’s gift. He 
died in Raleigh, N. C., at the early age of thirty-eight, July 10th, 1889. 


EUGENE L. MOREHEAD. 


Eugene L. Morehead, Esq., was born in 1845. He graduated at the Uni- 
versity of North Carolina in 1868. He was a Confederate soldier. Settling 
in Durham he successfully followed the business of a banker and was very 
helpful in the building up of that town. He died in the early spring of 1889. 


CHARLES PHILLIPS, D. D., LL. D. 


Dr. Charles Phillips was born at Chapel Hill in 1822. He graduated at 
the University of North Carolina in 1841 and was tutor there from 1844 to 
1854. In 1854 he was elected to the Professorship of Engineering, and in 
1861 to that of Mathematics. He was a professor in Davidson College from 
1869 to 1875, when he returned to the University. He was Professor Emeri- 
tus of Mathematics at the time of his death. The study of his life was 
mathematics, and he was widely known as a mathematician and a preacher of 
the Gospel of Christ. The Journal of the Society shows many articles from 
his pen, and he'was one of its most loved and respected members. He died 
May 10th, 1889, at the age of sixty-seven. 


BENONI THORP. 


Benoni Thorp was born June 9th, 1868, in Granville county, N. C. He 
graduated at the University of North Carolina in 1888. Immediately after 
his graduation he was elected Assistant Chemist in the State Experiment Sta- 
tion. He contributed several papers to the Journal of the Society. He died 
of typhoid fever in Raleigh, July 23d, 1889, when only twenty-one years 
old. 
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